AD=AL112 408 FUGRO NATIONAL INC LON" BEACH Ca F/6 A/13
THERMAL PROPERTIES OF SOILS.(Uu)

NOV 79 FOUT04=80=C-0N04
UNCLASSIFIED FN=TR=29 . NL




flig b
—— Rl ¥
m" T
— X
Jli25 fLe pos
=_ llil= ==

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS-1963 A




N Rt g s e st

MX SITING INVESTIGATION
GEOTECHNICAL EVALUATION

ADA112408

T

THERMAL PROPERTIES OF SOILS

PREPARED FOR
BALLISTIC MISSILE OFFICE (BMO)
NORTON AIR FORCE BASE. CALIFORNIA

—

1




-~

PHOTOGRAPH THIS SHEET
N L
b\ 2 VEL
= LE INVENTORY
z
¥ Z
=]
2
J FN TK 29
SO DOCUMENT IDENTIFICATION
©
\\ E
A [T Tociciini b s cpproved |
w for public release and sale; is
. distribusioa is unlimited. ‘ ™.
DISTRIBUTION STATEMENT
ACCESSION FOR
NTIS GRA&I ,
o DTIC
UNANOUNCED O ERELECTE™
JUSTIFICATION 5 ,\u MAR 2 &
o 419
[
BY
DISTRIBUTION / e E
| AVAILABILITY CODES
DisT AVAIL AND/OR SPECIAL - DATE ACCESSIONED
W1 e By o
S - enroduets
g tl' .',')‘ HR TR Ak ald
" DISTRIBUTION STAMP
c .
82 <« 117
DATE RECEIVED IN DTIC
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

FORM

DTIC o7, 70A

DOCUMENT PROCESSING SHEET

————— -

BT 7

S ng s .



-

/“N"\’

wd

!

SECURITY CLASSIFICATION OF TH!S PAGE (When Data Enier:d;

REPORT DO__MENTATION PAGE BEFoRE ConT R TIONS s

1. REPORT NUMBER 2. (50‘-./-‘-: ACCESSION NO| 3. RECIPIENT'S CATALOG NUMBER

FA TR 4

L]

4. TITLE (and Subtitle) . TYFC OF REPORT & PERIOD COVERED

Thneemal (TCperhesa S \\".7/ ol

'\X ‘.lt.“‘g rh\/“'t i 30;*':‘ ~ 6. Fﬁ;\o‘am\fs(gaci?om NUMBER
_ N

7. AUTHOR(s) 8. CONTRACT OR GRANT NULUMBER(s)

‘\Tafg(c‘ ‘,“\\)07\‘:“@; ne, Fuq:}Q.BO-C-ODOC

1C. PROGRAM EI.EMENT, PROJECT, TASK

9. PERFORMING ORGANIZATION NAME AND ADDRESS
AREA & WCOK UNIT NUMBERS

Ertec westein Toce (Jerme rt,:3 Py ,«)g‘nmﬂi,)

PC. BCX F3ES Y 3i F
Long freach Co Geg0r v 3!
1", CPNTﬂOLLING OFFICE NAME AND ADDYESS 12. REPORY DAYE

.3, Deparieesghe Qirkeres 2D Ny 19

Spote and Miss |\ Systeens 2'1;'_':56“)"\‘%%_—(0 T3, NUMAER 3F ZAGES
Ne ke AES Ca92ucy  (SAMNI0D B0

14. MONITORING AGENCY NAME & ADDRESS(/f differen: fron: (. -:roiling OlHice) 15. ZCCURITY CiLASS. (of this report)

(Andu,ssi'ﬁ-..l.

"1Sa. DECL ASSIFICATION DOWNGRADING
SCNEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Osteilpothiaong Ontierated

17. DISTRIBUTION STATEMENT (of the abstract sntered in Biock 20, If different from Report)

Oistt oo TioN O RN v~ =

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverae side i necessary and den:tfy by block m.-n.é;o-r)“'

:‘ . i i . | ,‘)\"\ -\C\\‘\(-‘ﬁ( “) fk‘{‘ CSJ —‘\\Wt' { \Y\(L& ct.sl S*J\A*L
velumedte, C Heok L‘W‘ﬂ‘\q’%’j/ “..' / rk.vm‘ n‘.‘“ejq

Thavrma) ,onbg/ bering

20. ABSTRACT (Con“mnu.lnvorlo a/de Il necessary and identily by dlock m-'b\u) i *\’ ¢ '1
Tracestied SN Lot ped cone & pac RS TE ORI
A .o~ \_/r's\\k;)(&‘“‘”‘('j NG OX 3\(:\\\) \\\\Q@Qﬂ' et oo oy \L‘{
fo s . O Leld 4+ \ab Yesty (Lote woead
m‘;“ —./’r.,wf'ol"%‘.‘ [N Sout\ cantral M'-

thet temperaturas of the goil o adegth

DD ,5%'7s 1473  eoimion oF 1 oV #8 13 ossoLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

i

—— S———




i
|
V
|
|
|
\
|
S |
4
\
|
l
b
|
i
|
i
i
-1
|
.l
i

FN-TR-29

THERMAL PROPERTIES OF SOILS
MX SITING INVESTIGATION

Prepared for:

U.S. Department of the Air Force
Ballistic Missile Office
Norton Air Force Base, California 92409

Prepared by:

Fugro National, Inc.
3777 Long Beach Boulevard
Long Beach, California 90807

23 November 1979

—rmnn NATIONAL, IND.

- - —
~

TSI XL WO T B ed o




- w'%‘fr "

N A A N e A AN S aAa > 2 = s Sk AR O 4O e &

p 4

TABLE OF CONTENTS

1.0 INTRODUCTION .cevecsceconsoccnconns

l.1 Purpose and Background .......
1.2 SCOPE teeessnssesssssascnnnssns

2.0 IN SITU SOIL TEMPERATURES cececoees
2.1 Thermal Probe Assembly ....e..
2.2 Installation of Thermal Probes
2.2.1 Drilling of Borings ...

2.2.2 Field Installation ...,

2.3 ReSUIES cevessocncsssssasncnas

3.0 THERMAL RESISTIVITY cececcocacsccss
. Thermal Needle .eceeeeasnccces

3.1
3.2 Test ProcedlUre .eeesescccosesns
3.3 ReSUIES teveveccoossconssseances

4.0 VOLUMETRIC HEAT CAPACITY c.eceoeses

4,1 Test ProcedUre .ee.eccesecceses
4.2 ResUltS tuivieseccscesconcssnsnas

BIBLIOGRAPHY . 4ottt eeeceecccncoscacsacnes
APPENDIX A - THERMAL PROBE

APPENDIX B - DRILLING PROCEDURES AND BOR
APPENDIX C - THERMAL RESISTIVITY
APPENDIX D - SUPPLEMENTARY TESTS

APPENDIX E - VOLUMETRIC HEAT CAPACITY

LIST OF TABLES

2.0 1IN SITU SOIL TEMPERATURES

2-1 1In Situ Soil Temperatures

® e 600 e 0000 0000

® 600 9006000000000
© 0 006006060 0s0 00000
® 8 6000000000000

® o0 0000 s 80000000
L I I I I R A R R
® 00 8 0e 000000000000
e e s 8 00 0 acn s 000000
® e e s 00 000008000000
LR B R A A I A A NI I B R A )
@ 008 0000000060000
e s 0 s 0 e et 00000

e e e 0 e s cesee e et

ING LOGS

Reveille-Railroad and Big Smoky CDPs, Nevada ...

2-2 24-Hour Soil Temperatures
Thermal Probe No. RR-B-3A
Reveille-Railroad CDP, Nevada

i

—'il--n NATIONAL, INC.

Page

—

)]

O O o

22
22
23
24
29

29
30

32

11

16

OIS s st




T s

e
S R e e e e oy I B e - A o SR S SR Gk @GR En

LIST OF TABLES (Cont,)

Page

2-3 24-Hour Soil Temperatures

Thermal Probe No. BS-B-1

Big Smoky CDP, Nevada ..eeecsccoscessnsoonsccsnnsns 17
2-4 24-Hour Soil Temperatures

Thermal Probe No. BS-B-2

Big Smoky CDP, Nevada..ceerseeoeerseosassccancssnoce 18
THERMAL RESISTIVITY

3-1 Thermal Resistivity Test Results
Reveille-Railroad and Big Smoky CDPs, Nevada ... 25

VOLUMETRIC HEAT CAPACITY

4~1 Volumetric Heat Capacity Test Results
Reveille-Railroad and Big Smoky CDPs, Nevada ... 31

LIST OF FIGURES

INTRODUCTION

1-1 Location Map
Reveille-Railroad and Big Smoky CDPs, Nevada ... 2

1-2 Boring Location Map
Reveille-Railroad CDP, Nevada.eeeeecoetsoeoscacocos 4

1-3 Boring Location Map
Big Smoky CDP, Nevada ...ccececsccccosccacsncoes 5

IN SITU SOIL TEMPERATURES

2-1 Typical Thermal Probe Assembly
Reveille~Railroad and Big Smoky CDPs, Nevada ... 7

2-2 Typical Thermal Probe Installation
Reveille~Railroad and Big Smoky CDPs, Nevada ... 10

2-3 Soil Temperature Plot Thermal Probe RR-B-3A
Reveille~Railroad CNDP, Nevada ..eeceeesscossscccs 12

2-4 Soil Temperature Plot
Thermal Probe BS-B-1, Rig Smoky CNDP, Nevada .... 13

2-5 Soil Temperature Plot
Thermal Probe BS-B-2, Big Smoky CDP, Nevada .... 14

ii

-rl--n NATIONAL, ING.




tt ey o

2-6

2-7

2-8

3-1

LIST OF FIGURES (Cont.)

24-Hour Soil Temperature Plots
Thermal Probe RR-B-3A
Reveille~Railroad CDP, Nevadad «ceciecssocccecses

24-Hour Soil Temperature Plots
Thermal Probe BS-B-1, Big Smoky CDP, Nevada ....

24-Hour Soil Temperature Plots
Thermal Probe BS-B-2, Big Smoky CDP, Nevada ....

3.0 THERMAL RESISTIVITY

Thermal Resistivity Versus Saturation
Reveille-Railroad and Big Smoky CDPs, Nevada ...

iii

Tl“ll MATIONAL, ING.

Page

19

20

21

27

[




s e TR

EN R A e ey ey aen BE SR e

---—.——

|
|

FN-TR-29

1.0 INTRODUCTION

1.1 PURPOSE AND BACKGROUND

This report presents the results of Fugro National's investiga-
tion of thermal properties of subsurface socils in two valleys
in Nevada. The investigation was performed in order to assist
the Air Force in evaluating the heat flow characteristics of the
soils. The investigation included a field program and a labora-
tory testing program. The field program consisted of installing
thermal probes in borings and measuring in situ subsurface soil
temperatures over a period of eight months; the laboratory
testing consisted of determining thermal resistivity and volu-

metric heat capacity of soil samples obtained from borings.

The thermal probes were installed in borings drilled during the
Verification Program for the MX Siting Investigation. Soil
samples for laboratory testing were obtained from these and

other borings.

1.2 SCOPE

The scope of the investigation was as follows:

A. Irstallation of Thermal Probes: Thermal probes were in-
stalled in three borings to measure in situ soil tempera-
tures. The probes consisted of a string of thermocouples
at various depths below ground surface. One probe was
installed in Reveille-Railroad Candidate Deployment Parcel
(CDP) and two probes were installed in Big Smoky CDP. Both

CDPs are located in Nevada (see Figure 1-1).

Tl..ll NATIONMAL, ING.
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Laboratory Testing: Laboratory tests were performed to
determine thermal resistivity and volumetric heat capaci.y
of soil samples obtained from seven borings drilled in
Reveille-Railroad CDP and six borings drilled in Big Smoky
CDP. The locations of the borings drilled in the two CDPs

are shown in Figures 1-2 and 1-3.

The details of the thermal probes and laboratory testing are

explained in the following sections.
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2.0 IN SITU SOIL TEMPERATURES

In order to measure in situ 35o0il tehperatures at various depths
below ground surface, thermal probes consisting of thermocouples
at various intervals were assembled in the laboratory, checked,
transported to the field, and installed in borings. The thermo-
couples measured the in situ temperatures, and they were moni-
tored periodically. Details regarding the type of thermo-
couples, their calibration, various components of the probe,
assembly of the thermal probe, and field installation are pre-

sented in Appendix A.

2.1 THERMAL PROBE ASSEMBLY

The in situ thermal probe consisted of a string of 15 beaded
thermocouples (T-type) situated at five different depths in
groups of three each. The thermocouples were placed at depths
of 2, 4, 8, 50, and 125 feet (0.6, 1.2, 2.4, 15.2, and 38.1 m)
below ground surface. Of the three thermocouples at each depth,
two were branched and one was single. In order to protect the
assembly from damage during installation, the string was placed
inside a series of unconnected 10-foot (3-m) sections of PVC pipe
[0.75-inch (19-mm) diameter] with compression couplings. The
details of the assembly are shown in Figure 2-1. The assembled
thermocouple string was folded back and forth to facilitate

transportation to the field.
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2.2 INSTALLATION OF THERMAL PROBES

2.2.1 Drilling of Borings

Before installation of thermal probes, borings were drilled to
the re, vsired depth using a Failing 1500 drill rig with hydraulic
pulldown and rotary wash techniques. The borings were 4-7/8
inches (124 mn) in diameter, and a bentonite slurry was used to
stabilize the hole. Soil samples at various intervals were
obtained from these borings. Both relatively undisturbed [Fugro
Drive samples; 2.5-inch (64-mm) diameter] and undisturbed
[Pitcher samples; 2.87-inch (73-mm) diameter] soil samples were
obtained for laboratory testing. Seven borings in Reveille-

Railroad CDP and six borings in Big Smoky CDP were drilled.

Drilling procedures, sampling techniques, field visual soil
classification, and logging procedures are presented in Appen-
dix B, In addition, logs of all the borings drilled in the two

CDPs are also included in Appendix B.

2.2.2 Field Installation

Upon completion of driitling, the borings were flushed with water
until the return water was clesar. The thermal probe was assem-
bled section-by-section using pressure couplings and lowered
into the boring until the bottom of the probe was 125 feet
(38.1 m) below the ground surface. The annular space between
the PVC pipe and the wall of the boring was hackfilled with
Monterey No. 1 sand by pouring it from the sacks. The top

10 feet of the boring was backfilled with native soil. The

'f.mnn NATIONAL, ING.
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lead wires of the thermocouples were then connected to a junc-
tion box at the ground surface. A manhole with cover was
installed around the junction box and both structures were
sealed with concrete. A schematic drawing of a typical thermal
probe installation is showi. in Figure 2-2. The details of the

field installation procedures are included in Appendix A,

2.3 RESULTS

Using a digital readout unit, the thermocouples were read daily
for a few days following the installation of the thermal probes.
After thermal equilibrium was reached (approximately one week
after installation), the in situ soil temperatures were measured
at intervals of approximately one month., The thermal probe in
Reveille-Railrocad CDP is identified as RR-B-3A, and the two

probes in Big Smoky CDP are identified as BS-B-1 and BS-B-2.

The in situ soil temperatures measured by the three probes fron

April to November 1979 are presented in Table 2-1, Plots of

soil temperatures, as a function of time for the three probes,

are presented in Figures 2-3, 2-4, and 2-5. A review of these
plots indicate that:

1. Soil temperatures at depths of 2, 4, and 8 feet (0.6, 1.2,
and 2.4 m) are affected by the seasonal changes in air
temperatures;

2. Soil temperatures at depths of 50 and 125 feet (15.2 and
38.1 m) are not affected by seasonal changes in air tempera-

tures; and

-r---n NATIONAL. ING.

D emited




3JvIHUNS ONNOYI

FN-TR-29

ONVS |

S37dN0JONYIHL HLIM 3404 INITAHLIATOd —

INIH08 HSYM AYVI0Y¥ —

J13HINOD

ON" AJHILNON ——

3dld INd —

TI0S JATLYN —

—— —
|

I
(wp"ge) 3) 6Z4

(ug) ¥ ol

S S S S SSSSSSASAOISSAIS IS S SN S AN AN NSNS NS SN S AN h

X08 NOILINDF

YIA0D HLIM IT0HNVK

8 NGV 1079

- — — L — L] L/ _—_—— L S

o e  — ¢




(uwy "g¢) 1} 21
(uz°g1) 14 05
(wpz) 1 8
(wz ) Wty
(wg"0) V4 ¢

13Y440S ONNOYD

M0138 SHLdIQ ONIMOTT04 3HL LV $31dN0J0RYIHL 40
(HO¥3 €) $13S JAES 40 0ILSISNOD 390¥d TVWUIHL 3HL
310N

13A37 ROV3 LV €
sayin - ST1N0OCKYIHL

3114N0J0NYIHE

3408
INITAHLIANOL
3d!d JAd )

335 0L 10N »

N\ . W WU W W W W W W L WL W N

AL WA WY

A L O W O O O W N W~

7N

JIANNN

TP

(wy "8€)

——— v - ﬂ
- i
S |
T !
= | |
- Y
o _
= _
3, = o A |
- T & \
— B 2 .
a g| 3 |
- z
e .1 °.u o
S| z% |
-
- eQ
-qmw e |
- w a
[ =
, por =
| =82
| ST EN
i l' -—
il [ - O
S o
-
> =3
— s
-
a
w
a

1} 62|

e

vy

{

i

S
“t

oy e




e——

e

FN-TR-29
*os
THERNAL S TENPERATURE,” °F
PROBE OEPTH BELOW GROUND SURFACE
NUMBER OF READINGS AIR :
2 1t (0.6m)]4 £t (1.2m)]8 ft (2.4m)]50 1t (15.2m)f125¢1(38.1m)
RR-B-3A 8 APR 78/3:40 PM NDA 51.2 41.2 48.1 56.5 61.0
20 APR 79./2:50 PN NDA 53.4 50.8 49.1 59.2 61.5
OATE OF INSTALLATION | 9 MAY 78/11:00 AM 54.2 58.6 55.5 51.0 58.6 61.0
4 APRIL 1979 6 JUN 78/12:20 PN 95.7 89.2 3.5 55.6 58.8 61.3
10 JyL 79/12:30 PM 97.2 15.9 70. 1 1.2 58.8 61.2
7 AUG 78/3:05 PW 84.5 81.8 15.1 65.2 58.9 61.2
2 SEP 78/12:30 PM 84.0 5.0 72.2 66.9 59.2 81.5
5 OCT 79/5:00 PM 82.8 69.8 69.7 57.3 58.9 51.3
10 NOV 79/3:30 PM 51,1 53.6 59.4 64.8 59.3 61.6
BS-B-1 10 APR 79/6:20 PM NDA 52.2 49.1 50. 1 59.4 63.4
22 APR 79/6:25 AN NDA 52.8 50.4 50.1 59.2 3.2
DATE OF INSTALLATION | 8 MAY 78/3:30 PM 55.5 57.9 55.4 51.8 59.4 63.5
5 APRIL 1979 7 JUN 79/8:30 AM 57.2 70.0 62.9 55.5 59.4 63.3
11 JUL 79/12:30 PM 86.3 15.5 69.1 60.6 59.4 3.3
7 AUG 79/8:45 MM 73.1 80.8 3.6 63.9 59.5 63.4
1 SEP 79/4:00 PM 84.0 73.4 7.1 65.5 59.4 63.3
5 0CT 79/8:40 AW 85.2 £8.8 69.1 66.6 58.7 53.6
10 NOV 78/10:20 AM 42.¢ 52.3 58.9 63.9 59.4 63.3
BS-B-2 11 APR 79.5:40 PN NOA 51.3 48.6 50.4 61.4 64.4
22 APR 78-8:30 AM NDA 52.9 51.1 50.8 61.7 84.7
DATE OF INSTALLATION | 9 MAY 79,2:00 PM 57.8 57.2 55.3 52.3 51.6 64.6
7 APRIL 1879 8 JUN 78/5:00 PM 85.0 88.7 2.3 56.2 61.4 64.6
12 JUL 79,12:00 N 87.6 75.6 9.5 62.0 §1.5 4.5
7 AUG 79/11: 15 AM 78.9 9l.4 75.0 5.9 1.7 84.6
1 SEP 79/8:30 AM 88.3 “74.8 2.5 67.6 61.8 64.7
4 OCT 79/11:50 AM 17.9 89.7 70.3 8.4 8.7 84.7
10 NOV 79/11:30 AN 50.5 55. 1 50.8 65.3 1.9 84.8
EXPLANAT 1 ON ¢ AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH
RR-B-3A:
RR - ABBREYIATION FOR CDP
RR - REVEILLE-RAILROAD
BS - BIG SMOKY IN SITU SOIL TEMPERATURES
REVEYLLE-RAILROAD AND BIG SMOKY CDPS
B - ABBREVIATION FOR BORING NEVADA
3A - NUMBER OF BORING WX SITING INVESTIGATION TABLE
DEPARTMENT OF THE AIR FORCE - SAMSO 2-1
NDA - NO DATA AVAILABLE
UGRO NATIONA]L INC.
9 NOV 19790
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FN-TR-29
15

3. A tenperature reversal between depths of 50 and 125 feet
takes place, i.e., temperature at 125 feet is higher than

the temperature at 50 feet by about 2.2 to 4.0°F.

In addition to the monthly readings, continuous monitoring of
each thermal probhe over a 24-hour period was performed. The
thermoccuples were read once every hour during the 24-hour
period. The 24-hour soil temperature readings are presented in
Tables 2-2 through 2-4, Plots of the 24-hour soil temperatures,
as a function of time, are shown in Figures 2-6 through 2-8. A
review of these data indicates that there is minimal variation
of soil temperatures at any depth over a period of 24 hours.
However, “during spring freeze and thaw cycles, temperatures of
the soil at shallow depth may vary considerably in a 24-hour

period.
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FN-TR-29
TENPERATURE. °F
DATE TINE DEPTH BELOW GROUND SURFACE
AIR 2 tt (0.6m) 4 ft (1.2m) B ft (2.4m) |50 ft (15.2m) 1251t (38.1m)
ULy 1978 | S:30 M| 533 6.0 10.2 §1.3 59. 1 61.3
6:30 §2.3 6. 1 70.3 61.4 59. 1 61.3
7:30 13.6 76.1 70.4 61.5 59. 2 61.4
B:30 84.0 76.0 70.4 615 59.2 61.4
9:30 84.0 76.0 0.2 61.3 59. 1 61.3
10:30 87.9 6.1 0.2 | 6.4 59.0 61.3
11:30 91.4 5.9 70.1 61.3 59.9 61.3
12:30 g1.2 | 15.8 70.1 §1.2 56.8 61.3
13:30 PM | 99.2 75.8 00 | 61 8.8 §1.2
14:30 9.3 75.8 70.0 6. 1 58. 6 61.2
15:30 103.6 151 | 699 61.0 8.7 | 61.0
18: 30 97.2 15.1 9.9 | 1.0 Cses | 608 |
17:30 94.5 75.1 0 | 60 58.6 0|
8:30 93.5 5.8 | 70.0 Bl 56.6. 1.0
19:30 B9.2 | 7159 70.0 61.2 8.7 | 610
20:30 78.8 6.0 1 | et3 | sse | e
21:30 2.8 | 0 | 1.2 | s.3 | se9 | sz |
22:30 68.0 6.2 .3 | ei.4 | sso | 813
23:30 12.4 76.3 70.4 61.4 59.0 61.3
1 ojuLy 1979 | 00:30 | 63.0 76.3 70 4 §1.5 59. 1 61.3
1:30 62.0 6.4 70.4 §'.6 5.1 61.4
2:30 59.9 8.3 70.4 61.6 50.2 61.3
3:30 64.7 8.3 70.4 61.5 5.1 61.3
430 6.1 6.3 70.4 §1.5 59. 1 §1.3
5:30 58. 2 6.3 70. 4 B1.5 5.0 61.3
® AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH
24-HOUR SOIL TEMPERATURES
THERMAL PROBE NO. RR-B-3A
REVEILLE-RAILROAD COP, NEVADA
MX SITING INYESTIGATION TABLE
DEPARTMENT OF THE ATR FORCE - SAMSO 2-2

9 NOV 1979
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PN-TR-29
TEMPERATURE," °F
DATE TIME DEPTH BELOW GROUND SURFACE
AR 2 £t (0.6m) | 4 11 (1.2m) | 8 tt (2.4m) |50 ft (15.2a)|125 11 (3B.1m)

i1 JuLyY 1973 9:30 AN 18.4 15.6 69.2 69.6 59.5 63.4
10:30 81.1 15.5 69.1 §0.6 59.5 63.4

11:30 81.3 75.6 69.1 60.6 99.5 63.4

12:30 86.3 75.5 69.1 60.5 59.4 63.3

13:30 PN 88.2 15.5 69.1 60.5 59.4 63.3

14:30 89.4 15.8 69.1 60.5 99.4 63.3

15:30 89.4 15.5 69.1 60.5 59.3 63.3

16:30 89.0 75.35 69.1 60.5 59.3 §3.3

17:30 89.1 15.8 69.1 §0.5 59.3 63.2

18:30 87.8 75.8 69.1 60.5 59.3 63.3

19:30 83.5 15.7 69.1 60.6 59.3 63.3

20:30 19.7 15.7 69.2 60.6 59.4 63.3

21:30 76.5 15.1 69.2 60.6 59.4 63.3

22:30 12.1 15.1 69.2 60.6 59. 4 63.3

23:30 68.5 15.1 69.3 60.7 59.5 63.3

12 JULY 1979 00:30 AM 66.9 15.1 69.3 60.8 59.4 63.3
1:30 63.7 15.1 69.3 60.6 39.4 63.3

2:30 58.5 15.1 69.2 60.6 59.4 63.3

3:30 59.1 15.17 69.3 60.6 59.4 63.3

4:30 51.0 15.1 69.2 60.6 99.4 63.3

5:30 56.2 15.1 69.2 60.6 59.3 63.3

6:30 66. 2 15.17 69.3 60.7 59.4 63.3

7:30 72.0 75.1 69.4 60.8 59.5 63.4

8:30 78.4 15.17 69.4 60.9 599.6 63.5

9:30 82.8 15.1 69.5 60.8 59.5 63.4

* AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH

24-~HOUR SOIL TEMPERATURES
THERMAL PROBE NO. BS-B-1
BIG SMOKY CDP, NEVADA

MK SITING INVESTIGATION TABLE

DEPARTMENT OF THE AtR FORCE - SAMSO 2-3

GRO NATIONAL INC.

9 NOV 1979
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. FN-TR-28
l TENPERATURE,” °F
DATE TIME DEPTH BELOW GROUND SURFACE
AIR 2 ft (0.6m) | 4 ft (1.2m) | 8 ft (2.4m) |50 ft (15.2m)|125 4t (38.1m)
E 12 JULY 1979 11:00 AM 85.4 15.6 69.5 62.0 61.5 64.6 1
12:00 87.6 15.6 69.5 62.0 61.5 64.6
’ 13:00 PN 91.2 15.6 69.6 62.0 61.5 64.5
14:00 89.1 15.6 69.5 62.0 61.4 64.6
‘ 15:00 81.7 75.6 69. 5 61.9 61.4 64.5 )
B 16:00 92.7 15.5 69.4 61.9 61.4 64.5
. 17:00 9i.7 15.5 59. 4 61.9 61.3 64.5
18:00 89.5 15.5 69.5 61.9 61.4 64.5
' 19:00 86.9 75.6 69.5 62.0 61.4 64.5 ]
20:00 82.17 75,6 69.6 62.0 61.4 64 5
| 21:30 11.1 15.1 69.7 62.1 61.6 64.6
2230 14.1 15.1 69.7 62.1 61.6 64.6
l 23:30 11.1 15.17 69.8 §2.0 61.8 646
I 13 JULY 1979 00:30 AN 68.7 15.7 69.8 62.0 61.6 64.6
1:30 66.3 15.7 69.8 _7g2-.fﬂ 61.6 64.6 ;
l 2:30 63.7 15.17 69.8 62.1 61.6 64.6 '
3:30 61.1 15.7 69.8 62.1 61.6 64.8 ;
' 4:30 59.9 75.1 69.8 62.2 61.5 64.6 ?
5:30 58.2 15.17 69.8 62.1 61.6 64.6
I 6:30 61.7 75.8 §9.9 62.1 61.6 64.6
1:30 13.2 76.0 70.1 62.3 61.8 64.8
l 8:30 19.4 75.8 70.0 62.3 62.90 64.7 ‘
9:30 85.2 15.7 69.8 62.2 61.6 64.6 1
l 10:30 85.1 15.7 69.8 62.1 61.6 64.6
- 11:00 86.9 15.17 69.8 62.1 61.6 64.6
‘ * AVERAGE OF THREE THERMOCOUPLES AT EACH DEPTH
[ 24-HOUR SOIL TEMPERATURES |
THERMAL PROBE NO. BS-B-2 ‘
BIG SMOKY CDP, NEYADA )
‘ r MX SITING INVESTIGATION ThsLE 1\
K DEPARTMENT OF THE AIR FORCE - SANSO 2-4 {
[; S —‘i-nnn NATIONAL,( |
|
S - \
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3.0 THERMAL RESISTIVITY

A knowledge of the thermal resistivity of soils is needed for
several applications including 2nalysis of heat dissipation
from buried electrical cables, insulation and heat transfer
analysis related to underground silos, and moisture migration
under thermal gradients. Thermal resistivity of soils depends
on soil conmposition, density, moisture content, particle shape
and size, and particle-size distribution. Thermal resistivity
is the inverse of thermal conductivity. Thermal conductivity is
defined as the gquantity of heat which flows normally across a
surface of unit area per unit of time and per unit of tempera-

ture gradient normal to the surface.

3.1 THERMAL NEEDLE

In order to determine the thermal resistivity of the soil sam-
ples, the thermal needle method (also referred to as probe
method or line source method) was used. This method is based on
the measurement of the rate of temperature rise along a line
heat source within an infinite, homogeneous medium. In practice,
the line heat source is approximated by a small diameter needle
which is heated at a constant rate by using electrical energy.
The theory involved in computing the thermal resistivity using

the thermal needle method is presented in Appendix C.

The thermal needle method involves simple apparatus and instru-
mentation. A thermal needle was constructed and calibrated in
Fugro's laboratory. The design of the thermal needle, consist-

ing of a stainless steel hypodermic tubing which contains

—"i--lm NATIDONAL, ING.
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a heater element and a thermocouple, was based on the work
by Mitchell, Kao, and Abdel-Hadi (1977). Details of assembly
and calibration of a thermal needle are also included in Ap-

pendix C.

3.2 TEST PROCEDURE

The following test procedure was used in determining thernal
resistivity of a soil sample: an undisturbed soil sample (Fuaro
Drive or Pitcher) was prepared before testing. Preparation
included trimming, weighing, and drilling a small hole in the
center of the sample. The sample was contained in brass rings
(Fugro Drive) or a steel tube (Pitcher) during preparation and
testing. The thermal needle was then inserted into the hole and
a known current source applied to the heater element in the
needle. The thermocouple readings, as a function of time, were
recorded, and the data were plotted as temperature-versus-log
time. Testing continued until the straight line plot changed
slope. Using the straight line relationship between temperature
and time, the thermal resistivity was calculated. Details of
sample preparation, test procedure, calculations, and typical

test data sheets are also presented in Appendix C.

A total of 41 thermal resistivity tests (36 on sands and five on
5ilts) were performed in the laboratory. The soil samples used
in these tests were from six borings in Reveille-Railroad CDP
and filve borings in Big Smoky CPP. The soils were predoni-
nantly coarse-grained. In addition to the thermal resistivity

tests, supplementary laboratory tests for determining physical

—'iunn NATIONAL, ING.
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properties of the soil samples were also performed. These sup-
plementary tests were in general accordance with the procedures
of American Society for Testing and Materials (ASTM); they
consisted of: dry density, moisture content, and particle-size
distribution. Details of the test procedures used for the
supplementary tests are presented in Appendix D. Results of the
supplementary tests were used in computing degree of saturation

of the soil samples.

3.3 RESULTS

The results of thermal resistivity tests are presented in
Table 3-1. Included in this table are the results of the sup-
Elementary tests and calculated percent saturation of the soil
samples used in testing. Table 3-1 indicates that the range of
density, moisture content, and particle-size distribution of the
soil samples tested is wide. This may account for the consider-
able variation in the values of thermal resistivity presented in

Table 3-1.

A plot of thermal resistivity versus percent saturation is
shown in Figure 3-1. Because of the variation in the physical
properties of the soils (as explained in the preceding para-
graph), there is a considerable scatter of the data points.
However, an average relationship between resistivity and satura-
tion for coarse-grained soils (sands) is shown in Fiqure 3-1.
This relationship indicates that the thermal resistivity of site

soils gradually decreases with increasing saturation.
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soRING | sawpLe!|  SANPLE INTERVAL DRY DENSITY ﬁﬂﬂﬁ%ﬂﬁf SATURAT 1N PARTICLE SIZE ANALYSIS
NUMBER | NUMBER feet neters act Kg md : o SA
RR-B-2 p-2 3.0-3.9 | 0.9-1.2 98.5 1593.6 7.0 26.6 5 15
D-8 30.4-30.9 | 9.3-9.4 98.7 1596.8 5.2 23.7 0 93
0-9 35.3-35.8 | 10.8-10.9 | 105.6 1708.4 6.9 3.2 2 53
P-13 | 59.0-59.9|18.0-18.3 | 952 1540.2 15.1 53.0 0 24
P-18  [109.0-110.7/ 33.2-33.8 | 107.1 17321 17.2 81,1 0 58 :
RR-B-3 0-4 71.2-1.9 | 2.2-2.4 107.1 17327 4.0 19.1 7 87.
P-13 | 60.0-50.7 | 18.3-18.5 | 107.3 1736 0 5.8 32.3 8 1
P-18  [110.0-111.6{ 33.5-34.2 | 104.4 1689.0 46 20.2 0 98
RR-B-3A P-3 7.5-9.1 | 2.3-2.8 98.0 1585.5 6.5 24 4 0 64
P-4 10.0-11.8 | 3.1-3.5 88.3 1428 6 13.1 38.9 0 32
P-8 50.0-50.9 | 15.3-15.5 |  76.6 1239.3 20.4 460 4 36
P-9 76.9-77.7 | 23.5-23.7| 106.9 1729.5 " 19.4 90.9 x 90
P-12 |126.5-127.2| 38.6-38.8 | 109.0 1763.5 10.9 54.4 7 84
RR-B-4 P-4 7089 | 21-27 100.3 1622.7 1.5 45.6 0 68
P-13 | 50.0-51.7|15.3-15.8| 939 1519.2 12.4 2.3 0 B!
P-18  |101.5-102.4] 31.0-31.2 |  97.1 1570.9 25.1 92.3 " 32
RR-B-5 D-12 |50 2-50.9 | 15.3-15.5 | 110.2 1782.9 12.9 §5.9 18 56
RR-8-6 p-1 0.0-0.7 | 0.0-0.2 90.5 1464.2 9.7 30.5 5 80
D-14 | 65.7-66 4 { 20.0-20.2| 115.9 1875.1 12 2 12.8 5 59
0-17 | 92.0-82.6 | 28.1-28.2 | 117.2 1896. 1 14.4 88.8 25 64
BS-B-1 D-3 5.9-46 | 1.2-1.4 106.2 1718.2 4.6 21.3 8 83
D-4 7018 | 2.2-2.4 106.2 1718.2 7.1 32.6 12 69
P-13 | 50.4-51.3|15.4-156 ) 731 1182.7 4.3 85.5 0 u
P-14 | 60.0-61.0)18.3-186| 91.2 1480.3 15.9 50.9 0 54
BS-8-2 D-6 70-1.5 | 2.1-2.3 17.9 1907.5 10.9 68.6 13 81
0-7 10.0-10.7 | 3.1-3.3 113.4 1834.7 5.9 32.8 i 87
P-14 |50.0-52.7 | 15.3-16.1| 97.2 1512.6 3.8 50.0 3 84
P-15 | 60.0-61.4|18.3-18.7 | 96.4 155. 6 15.9 61.0 12 82
l D-24  [160.0-160.5| 48.8-49.0 | 115.4 1867.0 13.1 80.1 2 67
8 NOV 1979
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BORING | sawpLE |  SAMPLE INTERVAL DRY DENS{TY 1%u%225; SATURAT 10N PARTICLE SIZE ANALYSIS
NUMBER | NUMBER feet neters oc Kg 3 . . o Ty
BS-8-3 D-3 4.2-4 9 1.3-1.5 119.8 1938.2 6 4 42.8 45 48
P-9  [300.31 2| 9195 | 108.9 1761.8 9.4 46.5 3 69
D-14 | 70270 9|21.4-21.6| 118.8 1922.0 135 87.3 2 46
0-16 | 90.0-90 7 {27.5-27 7 [ 116.4 1883. 2 12.3 74.5 ! 80
BS-B-5 P-1 0.6-13 | 02-04 99. 1 1603.3 97 31.5 5 66
D-10 | 35.0-35.8 | 10.7-10 9| 107.7 1742.4 13.1 65.4 13 80
P-15 | 80.0-81 1|24.4-247| 9338 1518.2 18.2 §2 0 2 88
D-21  [180.2 160 9 48.9-49.1 | 1117 1807. 1 15,2 80 7 40 55
BS-B-6 P-1 07-1.4 | 0.20.4 90 S 1464.2 97 63.8 12 68
D-8 26 7-26.4 | 7.8-8 1 15 0 1860.5 5.8 39.1 1 81
0-3  1302-30.9] 9294 123.8 2002.9 8.3 62.0 41 51
D-19  }120.4-120.9} 36.7-36 9 | 120.7 1952.8 6.4 43.6 26 63

§ NOV 10879
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Based on the results of the thermal needle calibration tests
performed before and after the test series, the repeatability of
the reported thermal resistivity values of the soil samples is

within +2 percent.
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4.0 VOLUMETRIC HEAT CAPACITY

Volunetric heat capacity of a soil is defined as the amount of
heat necessary to change the temperature of a unit volume of
the soil by one degree. The amount of temperature change in
response to the absorption or release of heat is governed by the
heat capacity. The heat capacity of natural soils is strongly
dependent on the soil porosity and water content, both of which
may be subject to fluctuations. If the specific heat and
amounts of each soil constituent and water content are known,
the heat capacity of the soil-water system can be calculated.
Specific heat is defined as follows: The ratio of the amount of
heat necessary to change the temperature of a unit mass of a
substance by one degree to the amount of heat necessary to raise

a unit mass of water through the same change in tenmperature.

4.1 TEST PROCEDURE

The methodology utilized to determine the specific heat of soil
constituents is similar to that presented by Taylor and Jackson
(1965). A calorimeter, an accessory vessel, and therrnometers
were used in the test. Both the calorimeter and accessory
vessels were one-pint thermos jars {(with insulated ca,:® placed

inside foam insulated boxes.

The test procedure used in determining specific heat of soils
consisted of adding a known quantity of dry representative soil
to the calorimeter along with a measured amount of water, suffi-
cient to form a dilute suspension. The temperature of the sus-

pension was measured. Then, a measured quantity of water at a

T.l.lll NATIONAL, ING.
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higher known temperature was added to the calorimeter so that
the final temperature of the soil-water suspension was 19 to 5°C
higher than the initial temperature, The final temperature of
the suspension in the calorimeter was measured. Using these

results, the specific heat of the soil was calculated.

Details of the test apparatus, test procedure, test data sheets,
and calculations used to compute the specific heat and volu-

metric heat capacity of the soil are presented in Aprendix E.

Volumetric heat capacity of a soil sample was calculated using
specific heat of the soil constituent and dry density and the
moisture content of the soil sample. Specific heat of water was

assumed to be 1.0 B/1b-°F (1.0 cal/g-°C).

4,2 RESULTS

A total of 33 specific heat tests were performed in the labora-
tory on soil samples from bhoth Reveille-Railroad and Eig Snoky
CDPs. The test results are presented in Table 4-1. In addi-
tion, physical properties and volumetric heat capacity of soil
sanples are also included in the table. A review of Table 4-1
indicates that the specific heat of the sands from the two sites
ranges between 0.154 to 0.197 cal/g-°C. However, there 1is
considerable variation in the volumetric heat capacity of the in
531tu soil samples; this is attributed to the variation in den-

sity and moisture content of the soils.
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Al.0 COMPONENTS

Components used in the assembly of a thermal probhe are as

follows:

1.

Thermocouples - Type T special (copper-constantan)
PVC/PE +3/4°F

Manufacturer: Omega Engineering, Inc.

The thermocouple covering consisted of two layers. The
inner layer was polyvinyl chloride (PVC) and the outer layer
was polyethylene (PE). Some thermocouples were calibrated
by an outside agency. They were found to be accurate
within +0,20F,

Polyethylene rope - 0.25-inch diameter (6 mm)

PVC pipe and fittings -

Manufacturer: Ryan Herco

Pipe: Schedule 80, nominal size 3/4 inch (19 mm)

0.D. 1.050 inch (26.7 mm), I.D. 0.722 inch (18.3 mn)
Fittings: compression couplings, brass plug, compression
adapter, coupling and flange

Jack panel - suitable for 18 circuits

Manufacturer: Cmega Engineering, Inc.

Male plugs - suitable for copper-constantan thermocouples
Hoffman box (junction box) - to house the jack panel

Manhole -~ frame with cover, made of plastic and watertight
Digital readout unit - Fluke 2100A-05 digital thermometer

with battery pack

—r'-nn NATIONAL. INC.
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A2.,0 ASSEMBLY

Procedures used in the assembly of a thermal probe are as

follows:

The thermocouples were covered with a SILASTIC conmpound
(silicone) encapsuled by heat shrinkable polyolefin tubing.
The process consisted of:

A. Place SILASTIC on thermocouple bead;

B. Load shrink tube sleeve with SILASTIC;

C. ©Slide shrink tube over thermocouple bead; and

D. Appl!y light amount of heat to shrink the tube.

The thermocour’es were attached to the polyethylene rope as
follows:

A. Tie thermocouple with nylon lacing cord to the poly-
ethylene rope at the desired place; and

B. Wrap the thermocouple and the rope with rubber tape.
Each thermocouple was identified by a number as shown in
Figure 2-1 (Section 2.0 of main text). The thermocouple
wires were attached to the polyethylene rope with self-
vulcanizing rubber tape at intervals of 1 to 2 feet (30 to
60 cm) .

The polyethylene rope was laid on the floor and the thermo-
couples were attached to the rope at various intervals as
described in Step 2.

The bottom end of the rope was connected to a coupling and a
brass plug. The rope was threaded through sections of PVC

pipe with compression couplings attached to one end. The

-‘i--nu NATIONAL, ING.
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pipe sections were laid side by side so that the rope could
form a loop while transversing from one section to the next.
The PVC sections were secured in a wooden crate and loaded
on an overhead rack of a pickup truck ready for shipment

to the field.

Photographs of the thermocouples and assembly of thermal probes

are presented in Plate A-1.

A3.,0 FIELD INSTALLATION

A schematic drawing of a typical installation of a thermal probe

is shown in Fiqure 2-2. The procedures followed during instal-

lation of the thermal probe are as follows:

1.

Following drilling of a boring, it was flushed with water
until the return water was clear.

A borehole rabbit, consisting of a weighted 3-inch-diameter
(75-mm) and 12-inch-long (300-mm) PVC pipe, was lowered into
the boring to check for possible caving of the sides.
A wooden pipe clamp was placed over the top of the boring.
The pickup truck carrying the thermal probe was moved
adjacent to the boring.

The bottom section of the probe was lowered into the bhoring
and the top of the PVC pipe was secured in place using the
pipe clamp. The second section of the PVC pipe was con-
nected to the bottom section using the compression coupling,
and it was lowered into the boring. The top of the second

section was secured using the pipe clanp.

'fl-nn NATIONAL INT.
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5.

10‘

11,

12.

Approximately 20 pounds of lead shot were added to the bot-
tom two sections of the PVC pipe to overcome buoyancy.
The next PVC section was brought in line with the sections
in the borings and was connected to them using a compression
coupling. The coupling was filled with a latex caulking
compound to prevent convection air currents in the PVC pipes
following installation.

By repeating the procedure in Step 7, all the PVC sections
were lowered into the boring until the bhottom of the probe
was at 125 feet (38.1 m) below the ground surface. During
lowering of each PVC section, the top end of the polyvinyl
rope inside was pulled to ensure that there were no kinks
in the string.

After the installation, a continuity check of the thermo-
couples was made using an ohmmeter.

The boring was backfilled with Monterey No. 1 sand up to a
depth of approximately 10 feet (3 m) below the ground sur-
face. The top 10 feet was backfilled with in situ soil at
the surface.

The thermocouple wires were connected to a jack panel which
was placed and fastened inside a junction box. The junction
box was connected to the top of the thermal probe at the
ground level. A continuity check of the thermocouples was
performed again,

A shallow hole (6 inches deep; 150 mm) was excavated arounA

the junction box and ready-mix concrete was placed in it,

-'i.r-an NATIONAL. ING.
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13. A manhole with cover was placed around the junction box with
anchor bolts embedded in the fresh concrete.

14. A minimum of 12 hours was allowed for the concrete to
harden. The anchor bolts were tightened and more concrete
was placed around the manhole.

15. An initial set of readings of the thermocouples was taken.
After placing and locking the manhole cover, a cattle guard
was built around the manhole.

Photographs showing various stages of field installation are

presented in Plate A-2.
A4.0 READINGS

The Fluke digital readout unit was used to read the thermocou-
ples. The procedure used for taking temperature readings was as
follows:

1. The manhole cover was opened and a minimumn of ten minutes
was allowed for the junction box to come to thermal equilib-
rium with the surrounding temperature.

2. The male jack from the readout unit was plugged into the
female jack of a thermocouple.

3. Temperature readings were taken immediately and then again
two minutes after plugging in the male jack.

4, The procedure outlined in Step 3 was repeated for all 15

thermocouples.

Normally, there was no difference between the zero- and two-
minute readings. The temperature difference between the three

thermocouples at any level was generally not more than 0.20F.
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9 NOV 1979

PHBTO 1 - SINGLE BTAD THERMOCOUPLE

i
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PHOTO 2 ~ SINGLE BEAD THERMOCOUPLE WITH \NSULATION

THERMAL PROBE ASSEMBLY
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PHOTO 3 ~ BRANCHED BEAD THERMOCOUPLE WiTH
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PHOTO 5 - THERMAL PROBE BEING ASSEMBLED
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PHOTO 6 - DETAIL OF THERMAL PROBE END
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PHOTO 7 - THERMAL PROBE SECURED (N A
WOODEN CRATE READY FOR SHIPMENT

PHOTO 8 - DETAIL OF THERMAL PROBE IN SHIPPING CRATE

THERMAL PROBE ASSEMBLY
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PHOTO 1 = BOREHOLE RABBIT USED TO CHECK COLLAPSE
OF SIDEWALLS BEFORE PROBE INSTALLATION
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PHOTO 2 - LOWERING FIRST SECTION OF THERMAL PROBE INTO

THERMAL PROBE INSTALLATION
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PHOTO 3 - ADDING LEADSHOT TO BOTTOM TWO SECTIONS OF PYC PIPE
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PHOTO 4 - COMPRESSION COUPLING HELD BY WOODEN PIPE CLANP
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PHOTO S - INJECTING CAULKING COMPOUND INTO COUPLING
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PHOTO 6 = TIGHTENING COMPRESSION COUPLING
THERMAL PROBE INSTALLATION PLATE A-2
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PHOTO 8 ~ HOFFMAN BOX AND JACK PANEL IN PLACE-THERMOCOUPLE
WIRES BEING ATTACHED TO JACKS

THERMAL PROBE INSTALLATION
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PHOTO 11 - MANHOLE RING IN PLACE AND REABING THEHMOCUUPLES
USING DIGITAL READOUT UNIT

PHOTO 12 - COMPLETED THERWAL PROBE
INSTALLATION WITH CATTLE GUARD

THERMAL PROBE INSTALLATION PLATE A-2
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Bl.0 DRILLING PROCEDURES

Bl.l DRILLING EQUIPMEMT

The borings were drilled at designated locations using a truck-
mounted Failing 1500 drilling rig with hydraulic pulldown and
rotary wash techniques. Borings were nominally 4-7/8 inches
(124 mn) in diameter, and drilling fluid (typically a bentonite~
water slurry) was used to stabilize the hole. A tricone drill
bit was used for coarse-grained soils and a drag bit for drill-
ing in fine-grained soils. Nominal maximum depth drilled

was 160 feet (49 m).

Bl.2 SOIL SAMPLING

Bl.2.1 Sampling Intervals

Soil samples were obtained at the following nominal depths as

well as depths of change in soil type.

0’ -2 (0-0.6 m) - drive sample
2.5 - 5! (0.8-1.5 m) - Pitcher or drive
6 ' - 8! (l.8-2.4 m) - Pitcher or drive
10" ~ 30' (3.0-9.1 m) - Pitcher or drive - samples at 5'
intervals, starting at a depth
of 10"
30! - 130" (9.1-39.0 m) =~ Pitcher or drive - samples at 10'

intervals

130" 150' (39.0-48.0 m) Pitcher or drive - samples at 15'

intervals

B1.2.2 Sampling Techniqu:s

Bl.2.2.1 Tugro Drive Samples

Fugro Drive samplers were used to obtain relatively undisturbed

soil sanmples. The Fugro Drive sampler is a ring-lined barrel

—‘i--un NATIONAL, ING.
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sampler with an outside diameter of 3.0 inches (76.2 mm) and
inside diameter of 2.50 inches (63.5 mm). It contains 12 indi-
vidual l-inch-long (25.4-mm) rings and is attached to a 12-inch-
long (30-cm) waste barrel. The sampler was advanced using a
downhole hammer weighing 335 pounds (76 kg) with a drop of

18 inches (46 cm).

The number of blows required to advance the sampler for a 6-inch
(15-cm) interval was recorded. Samples obtained were retained
in the rings, placed in plastic bags with manually twisted top
ends, and sealed in plastic sample containers. FEach sample was
identified with a label indicating job number, boring number,
sample number, depth range, Unified Soil Classification (USCS),

and date. Ring samples were placed in foam-lined steel boxes.

B1.2.2.2 Pitcher Tube Samples

The Pitcher sampler was used to obtain undisturbed soil samples.
The primary components of this sampler are an outer rotating
core barrel with a bit and an inner, stationary, spring-loaded,
thin-walled sampling tube which leads or trails the outer barrel
drilling bit, depending on the hardness of the material pene-
trated. The average inside diameter of the sampling tubes used
was 2.87 inches (73 mn). Before placing the Pitcher tuhe in
the outer barrel, the tube was inspected for sharpness or

protrusions.

The Pitcher sampler was then lowered to the bottom of the boring
and the thin-walled sampling tube advanced into the soil ahead

of the rotating cutting bit by the weight of the drill rods and

-rm-o NATIONAL. ING.
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hydraulic pulldown. The thin-walled sanpling tube was retracted
into the core barrel and the sampler was brought to the surface.
After removal of the sampling tube from the core barrel, the
length of the recovered soil sample was measured and recorded.
Before preparing and sealing the tube, the drilling fluid in the
Pitcher tube was removed. Cap plugs were taped in place on the
top and bottom of the Pitcher tube and sealed with wax. When
Pitcher samples could not be retrieved without disturbance, they
were clearly nmarked as "disturbed.” Each sealed Pitcher tube
was labeled as explained under "Fugro Drive Samples" and then

placed vertically in foam-lined wooden boxes.

Bl.2.2.3 Wash Samples (Bulk Samples)

Wash samples (cuttings) were obtained by screening the returning
drilling fluid during the drilling operations to obtain litho-
logic information between samples. Recovered wash samples were

placed in plastic bags and labeled as explained previously.

Bl.2.2.4 Standard Penetration Test Samples

These samples were obtained using split-spoon samplers. They
are disturbed but representative soil samples. The split-spoon
sampler consists of a barrel shoe, a split barrel or tube, a
solid sleeve, and a sampler head. The inside diameter of the
sampler shoe is 1.375 inches (35 mm) and the length is about
18 inches (45.7 cm). Sampling with the split-spoon sanmpler is
accomplished by driving the sampler into the ground with a 140-
pound (63,6-kg) hammer dropped 30 inches (75 cm). The nunmber

of blows required to drive the sampler a distance of 12 inches

-fmno NATIONAL, INC.
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(30.4 cm) was recorded as the Standard Penetration Resistance (N
value; ASTM D 1586-67). The disturbed samples obtained from the
split-spoon sampler were placed In plastic bags and labeled as

explained previously.

Bl1.3 LOGGING

All soils were classified in the field as explained in Sec-
tion B2.0. The followirg general information was entered on
the boring logs at the time of drilling: boring number; proj-
ect name, number, and location; name of drilling company and
driller; name of logger and date logged; and method of drilling
and sanmpling, drill bit type and size, driving weight and

average drop as applicable.

Bl.,4 SAMPLE STORAGE AND TRANSPORTATION

Samples were handled with care, drive sample containers being
placed in foan-lined steel boxes, while Pitcher samples were
transported in foam-lined wooden boxes, Core samples were
placed in specially constructed wooden or cardboard boxes. Par-
ticular care was exercised by drivers while traversing rough
terrain so as not to cause any disturbance to the undisturbed
samples. Whenever anbient air temperatures fell below 320F,
all sanples were stored in heated rooms during the field worh
and transported to Fugro National's Long Beach laboratory in

heated cabins in back of pickup trucks.
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B2.0 EXPLANATIONS OF BORING LOGS

Logs of borings drilled in Reveille-Railroad and Big Smoky CDPs
are presented on standard Fugro National logs in Fiqgures B-1
through B-13. The following explanations are provided as a key
to the logs.
A. Designations -~ Borings are identified as follows:

RR-B-1

RR - abbreviation for the site (e.g., RR~Reveille-Railroad)

B - abbreviation for activity (e.g., B-boring)
1 - number of activity
B, Sample Type - Different sampling techniques were used and

the svmbols are explained at the bottom of the boring logs.
Horizontal lines, to scale, indicate the depth where sam-
pling was attempted.

C., Percent Recovery - The numbers shown represent the ratio
(in percent) of the soil sample recovered in the sampler to
the full penetration of the sanmpler.

D. N Value - Corresponds to standard penetration resistance,
which 1s number of blows required to drive a standard
split-spoon sampler for the second and third of three
6-inch (15~-cm) increments with a 140-pound (43.5-kg) hannmer

falling 30 inches (76 crn) (ASTM D 158G-87).

E. Depth - Corresponds to depth below ground surface in meters
and feet.

. Lithology =~ Graphic representation of the soil tyjes.

G. USCS - Unified Soil Classification Systen (see Tahle B-1

for complete details) symbols,
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Soil Description - Except in cases where samples were clas-
sified based on laboratory test data, the descriptions are
based on visual classification. The procedures outlined in
ASTM D 2487-69, Classification of Soils for Engineering
Purposes, and D 2488-69, Description of Soils (Visual-Manual
Procedure), were followed. Solid lines across the column

indicate known change in strata at the depth shown.

Definitions of some of the terms and criteria to describe

soils and conditions encountered during the investigation

follow.

Gradation : A coarse-grained soil is well graded if it
has a wide range in grain size and substantial

amounts of most intermediate particle sizes.

Poorly graded indicates that the soil consists
predominantly of one size (uniformly graded)
or has a wide range of sizes with some inter-

mediate sizes obviously missing (gap-graded).

Moisture : Dry - no feel of m.isture
Slightly Moist - much less than normal mois-
ture
Moist - normal moisture for soil
Very Moist - much greater than normal
moisture
Wet - for soils below the water

table (if known)
Consistency: Consistency descriptions of coarse-grained
soils (cw, ¢cp, GM, GC, SW, SP, SM, SC) are as

follows.
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N Value
Consistency (ASTM D 1585-67)

Very Loose 0 - 4
Loose . 4 - 10
Medium Dense 10 - 30
Dense 30 - 50
Very Dense >50

Consistency descriptions of fine-grained
soils (ML, CL, MH, CH) are as follows:

Shear Strength
Consistency (ksf) (kn/m<) Field Guide

Very Soft .25 12 Sample with
height equal to
twice the dianm-
eter, sags under
own weight

Soft 0.25~- 12 - Can be squeezed
0.50 24 between thumb and
forefinger
Firm 0.50- 24- Can be molded
1.00 48 easily with
fingers
Stiff 1.00- 42—~ Can be imprinted
2.00 a6 with slight pres-

sure fron fingers

Very Stiff 2.00- 26— Can be imprinted
with considerable
pressure fronm

fingers
‘ Hard over over Cannot be
; 4.00 192 imprinted by
fingers
Grain Shape: Angular - particles have sharp edges and

relatively plane sides with
unpolished surfaces.

Subangular - particles are similar to angular
but have somewhat rounded edqges.
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Calcareous

Caliche

Secondary
Material

Plasticity :

Cobbles and
Boulders

Subrounded - particles exhibit nearly plane
sides but have well-rounded cor-
ners and edges.

Rounded - particles have smoothly curved
sides and no edges.

Containing calcium carbonate; presence of cal-
cium carbonate is commonly identified on the
basis of reaction with dilute hydrochloric
acid.

Soils cemented by porous calcium carbonate
and/or other soluble minerals by upward-moving

solutions.

Example - Sand with trace silt

Trace - 5-12% (by dry weight)

Little - 13-20% (by dry weiaht)

Sone - >21% (by dry weight)

Plasticity index is the range of water con-
tent, expressed as a percentage of the weight
of the oven-dried soil, through which the soil
is plastiec. It is defined as the liquid limit
minus the plastic limit. Descriptive ranges
used on the logs include:

Monplastic (p1, 0 - 4)

Slightly plastic (PI, 4 - 15)

Medium Plastic (PI, 15 - 30)

ilighly Plastic (eI, >31)

A cobble is a rock fragment, usually rounded
by weathering or abrasion, with an average
dianeter

ronging bhetween 3 and 12 inches (8

and 30 cm),
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B-10
A boulder is a rock fragment, usually rounded
by weathering or abrasion, with an average
diameter of 12 inches (30 cm) or more.
I. Remarks - This columnn was provided on boring logs for comn-

ments regarding drilling difficulty, number and size of cob-
bles or boulders encountered, loss of drilling fluid in the
boring, and other conditions encountered during drilling.
Dry Density and Moisture Content - The boring logs include
a graphical display of laboratory test results for dry den-
sity in pounds per cubic foot and kilograms per cubic meter
and moisture content (ASTM D 2216-71) in percent from repre-
sentative samples taken during drilling. The symbols are
explained at the bottom of the boring logs.

Sieve Analysis - The numbers represent the percentage by dry
weight (ASTM D 422-63) of each of the following soil compo-
nents:

GR - Gravel; rock particles that will pass a 3-inch (76-mn)
sieve and are retained on No. 4 (4.75 mm) sieve,.

SA - Sand; soil particles passing No. 4 sieve and retained
on No. 200 (0.075 mm) sieve.

FI - Fines (silt or clay); soil particles passing No. 200
sieve.

Atterberg Limits (LL and PI) -

LL - Liquid Limit, the water content corresponding to the
arbitrary limit between the liquid and plastic states
of consistency of a soil (ASTM D 423-66).,

PL - Plastic Limit, the water content corresponding to an
arbitrary limit between the plastic and the semisolid

state of consistency of a soil (ASTM D 424-59),

FI - Plasticity Index, numerical difference between the
liquid 1limit (LL) and the plastic limit (PL) indicating

—'il-no NATIONAL. INC.
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the range of moisture content within which a soil-water
mixture is plastic.

NP - Nonplastic.
M. Miscellaneous Information -~

Elevations - indicated elevations on the logs are esti-
mated from topographic maps of the study
area, within an accuracy of half the
contour interval.

Surficial
Geologic Unit indicates the surficial geologic unit in

which the activity is located.

Date Drilled - indicates the period from beginning to com-
pletion of the activity.

Drilling
Method - signifies the type of drilling procedure
used such as rotary wash.

Hole Diameter

nominal size of boring drilled.

Water Level indicates depth from ground surface to water

table where encountered.
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Cl1.0 THEORY

Soil thermal resistivity was measured in the laboratory using a
thermal needle, The thermal needle method is based on the
measurement of the rate of temperature rise along a line heat
source within an infinite, homnogeneous medium. The temperature

0 at any time t at the heat source is:

6 = Z%E-Ei (=X) evveeevesasenees (Carlslaw and Jaeger, 1959) [1]
where

Q0 = heat input per unit length per unit time;

k = thermal conductivity = 1/p;

p = thermal resistivity;

x = -r2/(dat);

a = thermal diffusivity;

r = radial distance from heat source; and
Ei (-x) = -/ (e”%/u)du.

For small values of y and large values of t, Eq. [1l] becomes:

0 dat
o = Tk (ln 2 - 0.5772) eeseeesvessasssnsasassascssssssssacas 2]

therefore,

Q

= -9 -
AO = g (dln t) =

7 01N ) tiiieiiinieiieniea.. (3]

Thus, if heat is applied at a known constant rate to a line
embedded in the medium of interest and the temperature of the
line is measured as a function of time, a straight-line rela-
tionship is indicated between 0 and 1ln t, with a slope propor-
tional to the thermal resisEivity, 0. In practice, the line
heat source is approximated by a small diameter needle, and the
relationship in Eq. [3] is valid after heating times of only a

few seconds.

-Tu-nu NATIONAL, ING.
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C2.0 THERMAL NEEDLE

C2.1 COMPONENTS AND ASSEMBLY

The thermal needle consisted of a stainless steel hypodermic
tubing containing a heater element and a thermocouple as shown
in Figure C-1, 1Its components and assembly were similar to the
one constructed in the University of California at Berkeley
(Mitchell, 1979). The hypodermic tubing was cut to 4-1/2 inches
(114 mn) in length. The end that would be inserted into the
thermocouple jack was roughened for a length of 0.5 inch (13
nm). A copper-constantan thermocouple wire junction previously
coated with an insulating varnish was threaded into the hypo-
dermic needle with the junction 2 inches (51 mm) from the end of
the needle. At the same time, a manganin heater element was
inserted with approximately 3-inch (76 mm) pigtails extending
from the needle as shown in Figure C-1. The uncut end of the
needle was then inserted into an evacuating flask through a
rubber stopper and the other end was placed in a reservoir of
epoxy primer as shown in Figure C-2. A vacuum punp connected to
the evacuating flask drew the epoxy up through the needle. When
epoxy appeared at the top of the needle, the vacuum pump was
shut off. The needle was removed from the reservoir and flask
and a blob of putty placed at the end to hold in the epoxy for
hardening. After hardening of the epoxy, the thermocouple wires
were soldered to the pins of a polarized thermocouple jack and
the roughened end of the needle was placed in the jack. The
heater leads were brought out through two holes drilled in the
back of the bakelite head (see Figure C-1).

—runn NATIONAL, INC.
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C2.2 CALIBRATION

The thermal needle was calibrated before its use by comparing
its determination of the thermal resistivity of Monterey No. O
sand with data published by Mitchell et al. (1977). The results
are shown in Figure C-3., After completion of the thermal resis-
tivity tests on soil samples, the needle was again calibrated.

These re~ults are also shown in Figure C-3.

A review of Figure C-3 indicates that the thermal resistivity
values of Monterey No. 0 sand as determined by Fugro National
are slightly higher than those reported by Mitchell et al.
(1977). The difference can he attributed to the method of cali-
bration sample preparation and probable presence of a small
amount of moisture in the sample. In the study performed by
Mitchell et al. (1977), the thermal needle was rigidly held in
the compaction mold first and the sand was placed around it. 1In
the Fugro National study, the sand was compacted in the mold
first and then the needle was inserted. The difference in the
nmethod of sample preparation would affect the density of the
soil around the needle which would result in variation in
thermal resistivity. In addition, there could have been a
slight difference in the amount of moisture present in the sand
(though sand is oven-dried, humidity of the air coul. affect the
moisture in sand during sample preparation) in the two studies
which could result in substantial variation of electrical

resistivities.
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C3.0 APPARATUS
The test apparatus consisted of the following:
1. Thermal Needle - the components and construction are
described in Section C2.0.
2. Constant Current Source - HP /201 constant current power

supply.
3. Readout Unit - Fluke 2100A digital thermometer.
4. Timer - stopwatch.
5. Electric drill and 0.09-inch (2.3-mm) drill bit.
6. Thermal grease manufactured by 3M (thermal conductivity =

0.520-0.923 gn=-cal/sec cm©C).

C4.0 TEST PROCEDURE

The laboratory test procedure used in determining thermal

resistivity of a soil sample is as follows:

1. An 8-inch-, +l-inch, long (20-cm +3-cm) undisturbed soil
sanple was trimmed with ends flush with the sanpling tube
(Pitcher sample) or brass rings (Fugro Drive sanmpler).

2. The sample with the tube (or rings) was weighed.

3. A longitudinal hole at the center of the soil sanple was
drilled to a depth of 4 inches (10 c¢cm) using the 0.09-inch
(2.3-mm) electric drill and the 0.09-inch-diameter drill bit
(see Photo 1 in Plate C-1).

4. The thermal needle was coated with thermal grease (Photo 2
in Plate C-1) to ensure good contact hetween the needle and
the soil and then inserted into the hole to a depth of

4 inches (102 mn).

Tl..ﬂ MATIONAL. ING.
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PHOTO 3 ~ TEST SETUP
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S. The heater wire of the thermal needle was connected to the
constant heat source and the thermocouple to the reacdout
unit.

6. A known constant current (1 amp) was applied tc the heater
wire and then the temperature of the needle was measured at
various intervals of time. The test set up is shown in
Photo 3 of Plate C-1.

7. Measurements made during the test were recorded on a data
sheet as shown in Figqure C-4. Then a plot of temperature
versus log time was prepared (see Figure C-5). Using data
from two points on the straicht-line portion of the plot,
thermal resistivity of the soil sample was computed. Con-
putations are shown in Figure C-6 and are explained in

detail in Section C5-0.

C5.0 CALCULATIONS

The thermal resistivity of the soil sample was computed as
explained below:

BB = T L ALN ) eetseeeneeeeeneeamae e 13

4"nk
where
A6 = change in temperature;
¢ = heat input per unit length per unit time;
k = % = thermal conductivity; and
t = tine.

In the test, assume that during time interval from t; to t, the

temperature increased from T; to Tj.

-'i.-nn MATIONAL. ING.
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C-13
- - _9
AD = T2 - Tl = Z_FF (ln t2 - 1ln tl)
_ 2.30 _
= 7nk (109 t2 ~ logyqy £1)
| _ 2.30Q to
i k = mloglotl... ------ © ® 6 e 46000000000 e0s 00 ee0s0enee0e e [4]
. _12R _ EI ...

Heat input Q = T =T (Winterkorn, 1970)

(Q = power consumption of heater wire in watts per unit length,
which is assumed to be the equivalent of heat output per
unit length of wire)

Y where
I = current flowing through heater wire, in amps;
R = total resistance of heater wire, in ohms;

r L = length of heater wire, in cms; and
E = voltage measured.

therefore,

2.3 EI to

k=m10glo tl ® e e e es sesc o0 asacsssnsance s ees s e [5]

For the tests (standardized test conditions) conducted in the

laboratory,

E = 3.15 volts;

I

1.0 amp; and

L 16.3 cm.

~—rvae o

Using these values, Eq. [5] will be

Y

k = 0.03537 loqlo Ez y In Watt/OC-cm  tiiiiieiiatenenenen. [6]
A6 t)

This equation was used in computing thermal conductivity values
i' of the soil samples (see Figure C-AR). Thermal resistivity of

the soil samples was then computed using the relationship p= %.

] —f:-nn NATIONAL, ING.
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c-13
AO=T2—T1=—4—QH—Q (ln t - 1In t3)
2.3
= %5380 (log g ta - log o t1)
- 4ras A3
e = 3730 log10 Ty TUtUTtttTretrecterescececiscisieciniactn. [4]
) _I%R _ EI , .
Heat input Q = - i (Winterkorn, 1970)
(0 = power consumption of heater wire in watts per unit length,

which is assumed to be the equivalent of heat output per

unit length of wire)

where
I = current flowing through heater wire, in amps;
R = total resistance of heater wire, in ohms;
L = length of heater wire, in cms; and
E = voltage measured.

therefore,
= __.-r:,._; — Ll
o 73 log10 e LR R LR R RE R [5]

For the tests (standardized test conditions) conducted in the

laboratory,

E = 3.15 volts;
I = 1.0 enp; and
L = 16.3 cn.,

Using these values, Eq. [5] will be

A

t .

e e loc -L in OC - cw/watt ....... cessacnsens [A]
0.03537 Jlf)<t2>'

This eaguation was used in computing thermal resistivity values

of the soil samples (see Fiqure C-6).
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D1.0 INTRODUCTION

Supplementary tests consisted of the following:
Moisture Content
Dry Density
Particle-Size Analysis
The tests were performed in general accordaace with procedures

of the American Society for Testing and Materials (ASTM). These

test procedures are presented in this appendix.

D2.0 MOISTURE-DENSITY DETERMINATION

Standardized test procedure (Fugro Test Procedure No. 200) was
used in determination of wet and dry densities of soil samples.
Moisture content of the soil sample was determined in accordance
with ASTM D 2216-71, Laboratory Determination of Moisture
Content of Soil. These test procedures and typical test data

sheets are presented in Subappendix D1,

P3.0 PARTICLE-SIZE ANALYSIS

Fugro test procedure No. 190 was used for particle-size analysis
of soil samples. Distribution of particle sizes larger than
75 microns (retained on No. 200 sieve) was determined by siev-
ing. Distribution of particle sizes finer than 75 microns was
not determined. The test procedure and typical data sheets are
presented in Subappendix D2. Results of particle-size analysis
tests on soil samples used in thermal properties tests are pre-

sented graphically in Figures D-1 through D-11,

T.l.lll NATIGNAL, INO.
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FUGRO TEST PROCEDURE NO. 200
PROCEDURE FOR MOISTURE-DENSITY DETERMINATION

Scope
This procedure covers laboratory determination of the wet den-

sity, moisture content, and dry density of soils,

Equipment

1. A thermostatically controlled oven capable of being heated
continuously at 230 +9OF (110 +5°C);

2. Balances sensitive to 0.025 gram for samples weighing
100 grams or less, to 0.2 gram for samples weighing 100
to 1n0C grams, and to 2 grams for samples weighing over
1000 grams;

3. Containers which are corrosion-resistant and not subject to
change in weight or disintegration on repeated heating; and

4. Scales capable of reading to 0.01 inch (0.25 mm) and a

spatula.

Procedure

1. Trim samples carefully as they arrive in the laboratory,
usually in metal tubes or rings, and determine their dimen-
sions to the nearest hundredtn of an inch so that their
volumes may be computed. The samples shall then be weighed
with the containers. The containers' weight shall be
determined separately,

2. Perform moisture content test on a representative portion
of the samples as detailed in Section 5 of ASTM Standard
D 2216-71 for "Laboratory Determination of Moisture Content

of Soil,"” as modified by the following.

-"il-nn NATIONAL. ING.
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Containers used need not have lids, but weighing of samples
shall be performed immediately after extrusion from original

container and after removal from oven.

Calculations

The wet density, moisture content, and dry density shall be cal-

culated per the following formulas:

Wet Weight of Soil
Volume of Soil

l. Wet Density

Total Wet Weight - Weight of Container
Volume of Soil

Weight of Moisture

Weight of Oven-dry Soil x 100

2. Moisture Content (w)

w=" =% 4 100
Wo = Wq
where:
w = moisture content in percent

W1 = weight of container and moist soil
Wy = weight of container and dry soil

We = weight of container

Wet Density
1l + Moisture Content

3. Dry Density =

ASTM D 2215-71 test procedure and typical test data sheet are

presented in Figures D-12 and D-13. 1
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45"’ Designanon. D 2216 - 71

Standard Method of

LABORATORY DETERMINATION OF MOiSTURE

CONTENT OF SOIL!

PR Stunidard o s vwd unber the fieed dewgritn D 2204 ihe mumber immeduatety foliawsng 1he d¢
2630 ol S0 IIUPLUn UE 8 R i ol rErisun (g pEar of Lint resun A mumber on pargnibese

L rcappeus b

. Scope
I} Thiy method covers the leburatory de-
termination of the monture content of sarl

2. Definstion

2§ moisture or waier contens of 3 1l—1be
1o, expressed us 4 percentage, of the weight
of water tn 4 given mass of sail 1o the weight of
the solid purticies Practical apphication 1s o
determine the weight of water emaved by
drying the moist o1l 10 4 cunstant werght in a
drying ovea controlled at 230 + 9 F {110 2 §
€) and to use this value as the weight of water
W othe guen sot mass The weght of soil
remaining slier gven-drying 4y used s the
weight of the sulid particles

3. Apparatus

31 Driing Oven, thermostatically-con-
troited. pretersbly of the fored-dran 1ype.
vipable of heing heasted conunuously ut
tempecatuse of 230 £ 9 F 1110 5 5C)

32 Balances. vemunive (0 0 01 g for samples
weighing U0 g or fess. sensitive ta € | g for
ssmples weighing between 100 und 1000 g ot
WRSNE 10§ § 101 3ampley weighing over HOR

33 Commuiners—Suitable contuiners made
of matenisl rexstant to corrusion and not
»aByect 1o change n weight or disintegration on
repeated heating ond cooling Containers shaii
have close-fitting i-ds 10 present loss of mois
ture from samples defore initial weighing and
to prevent sbsorpuon of moisture from the
simusphete following drying and before finat
weighing One container 13 needed for cach
~.tdute confent determination

4. Test Sample

41 Select 4 teprescntative quantity of moest
stk on the amount indicated i the method of
teat 1f po amount 1y indicated, the minimum
weight of the sample shall be in accordance
with the fullowing Luble

Armuican Nanonti Sianderd 431 141 1877
roved sen 18 1972 by
Ame:can NOTONS! Suanadrde inetue

NJ1108 1K ate s I
dicaies e yeus ui

S. Procedure

51 Weigh 4 clean. dry containee with ity b,
and place the mowsture content sample in the
contsiner. Replace the tid immediately, and
weigh the container, inuluding the hd and the
Mot sample Remave the Id and place the
container with the muist sampic 10 the deying
Oven maintained 4t 4 tempersture of 230 £ 9 F
(110 = 5 C) and dry 10 4 constant weight
(Nates | and 2). Immediately upon removal
from the oven, replace the Iid and atlow the
sample (o <00l to room temperature Weigh
the contuner including the Iid and the dried
sample {Notes 3 4nd 4),

Noft 1—-Checking every moisture content sam.
Ple 10 determine What 1t 15 dried 10 4 conatamt weight
15 «mpraciical In Mot Cases, dey:ng of 4 mo riure
contenl ssmpie overnight (1§ of 16 ki sullicens in
Cares wPEre there of doubt COCEInIAg ThE d 12 Laxy
vl inermahi drying. drving shonid Be ortineed oot
Re weghis afler 1wy dutien v€ e vy al S0 g
eduate tu charge 10 wegnl Sampien  arg myy
shen be dred 1o cursiant wegnt L et a
sereral Pours Nince dey soul ey b rn muntire
ftom wel \umples. dried campies shouid be rer aveyd
[ NTE R RN I S ST

NOTE J—Userdryng a1 200 2 ¥ #0110 2 3
dues 0ol resull 1 celiable Mursure comient s slucs fur
soil conlainay grgsum o wiher mincealy avirg
tousely Bound watee of Bvdry1ion or for aod contain.
ng ugn M amounts of geganic materal Re..snie
Moslufe onient valuey fof those sody can te
Sblained By drying 19 an oven at spprovimaters 140

100 €1 0 By saruum desis sl on ot a presaare of
apprevinately 10 mm Hg gad af o temperature rog |
lower than d N

NUTE J—A ontainer withoul a bd may be uved
Provided the moist sampie v werghed immed uiely
after BEING Lakem and providing IPe dricd sampie 1y
weighed immeduaiely afier being removed from the
ovea of afier cudiing 0 4 det waator

N deMunture comenl sumpies shuosd by
@ncarded snd should not be used 10 any (LTI
.

6. Calculation

6 1 Calcuiate the mosture content of the
soil as foliows

~ .
[(werght of maisture). (wesght of oven-dry saily|
. 100

. WW, - WA, - W) e 100

Muislute conteny, %
« werght of container 4nd munt sodl g.
= weight of container ond oven-dried v,

We o weght of container. g

S Ths e 1 under ihe jutamd ction of ASTM Cammutee
D-1¥ g8 Surt and Rowk for Enguncy

Currem edian aproved Sepr 38,
nhwed (981 Kepluer O 2218 06

STANDARD METHOD OF LABORATORY DETERMINATION
OF MOISTURE CONTENT OF SOIL

MX SITING INVESTIGATION FIeuRe
DEPARTMENT OF THE AIR FORCE - SAMSD D-12

GRO NATIONAL IN
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FUGRO TEST PROCEDURE NO. 190
PARTICLE-SIZE ANALYSIS

Scope

This procedure covers laboratory quantitative determination of

the distribution of particle sizes in soils.,.

Procedure

Particle-size analysis of soils shall be performed according to

the following ASTM Standards as modified by this test procedure:

A.

ASTM Standard D 421-58 for "Dry Preparation of Scoil Samples
for Particle-Size Analysis and Determination of Soil Con-
stants," and

ASTM Standard D 422-673 for "Particle-Size Analysis of

Soils."

Modifications:

A.

Samples shall be preparcd per the particle-size analysis
sanple requirenments of ASTYM Standard D 421-58. A porcelain
pestle shall be used in lieu of a rubber-covered pestle in
preparing samples.

Sieve analyses shall be performed using the following set of

sieves:
Inch Numnber Size
3 4 4.750 mm
2 10 2.000 mn
1-1/2 20 0.850 nmm
3/4 40 0.420 nn
3/8 50 0.250 mnm
100 0,150 nn
and 200 0.075 mn

-rl-un MATIONAL, ING.
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C. A balance sensitive to 0.25 g shall be used for weighing

material passing the No. 10 sieve.

ASTM D 421-58 and D 422-673 test procedures and typical test

data sheet are presented in Figures D-14 through D-16A.

-r---n NATIONAL. ING.
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qﬂm Desig : 0421 -68 1972) Amercan Nownrel Standerd A7 144- 1872
Agoroves Marcn 1 1872
By Amencan NauGnel SLnderGE inaete
Standard Method for
DRY PREPARATION OF SOIL SAMPLES FOR
PARTICLE-SIZE ANALYSIS AND DETERMINATION
OF SOIL CONSTANTS!
Thus Standerd w avcd under ha fited dewgazion D 421 the sumber immediatcly followsng 1he designatson mdxcatas the
1eas of vrgieal adaplion o, ia Uhe cane of revinon. Lbe Tear of last revision A sumbes s paremibdeses xdicates the year of
st respprosal
1. Scope to 115 g of sandy soils and 65 g of cither silt
1) This method covers the dry preparation  OF Slay soils.
of soil samples as received from the field for 3.1.2 Tesus for Soil Constanis—For the
particle-size analysis and the determinagion of  tests for soil constants, matenal passing the
ihe soil constants. No. 40 (425-um) sieve 13 required i total
! amount of 220 g. allocated a3 follows:
2. Apparatus ‘ Test Grams
2| Balance—A balance sensitive to 0.1 §. :‘-:-d :ml u'u;
‘ st L
22 Moriar—A monac and rubber-covered Contrifuge mossture cquratest 10
pestle sunable for breaking up the aggrega- Volwmeinc shrinkage 0
tions of suil particles. ' Check tess L
2.3 Siever—A wr:s of ru'm-. of ‘101"1:: S. Test Sample for Particle-Size Analysis
mesh woven wire cloth, conforming to A .
Specitication E 11, for Wire-Cloth Sieves for $.1 Mus the fractions pussing the No. 10
T P ¥ The si d arc as {200-mm) sieve 10 both sicving operations
r‘[;“"‘ urposes e sicves required 2 thoroughly together, and by the method of
oHows: quanienng or the use of a sampler. select a
:: I;:; a"": poruon weighing approaimately 1S g for
No no(u;::; sandy sous and approumately 65 g for it
and clay soul for particlke-tize analysis
24 Sumpler—A niffic sampler or sample
sphiter, for quartening the samplcs. 6. Test Sample for Soll Constants
3. & " 6. Sepminie \he remaimng poruon of the
. Sampling matenal passing the No. 10°(200-mm) sieve
3§ Expouse the soil sample as received from 110 (wo parts by means of a No. 40 (425.4
the ficld 10 the air at room temperature until m} sicve Discard the fraction reraimed on the
dried thuroughly. Break up the aggregations No. 40 sieve Use the fraction passing the No
thoroughly in the mornar with a rubber-cov. 40 sieve for the determnation of the soil con-
erad pestle. Schect a representative sample of  stants,
the amounl required 1o perform the desired
tests by the method of quartering or by the This meihod 18 uader ihe jurndiction of ASTM Com-
use of a sampler. The amounts of matenisl  muiee D-14 on Sod aad Roct for g,.;w(,‘" Purposes
required 10 perform the individual tests are a8 “_S“".';;“ ;::;::."ruv:‘;','f ;:v' 13,1938 Ongiaatly &
fuilows ¥ Annsel Book of ASTM Stenderds, Pan 81
3.V ) Parucle-Size Analyss—For the par-
ucle-stre analysis, material passing a No. 10
(200-mm) sieve 1s requised in amounts edual
4. Preparation of Test Sample
4.1 Select that portion of the air-dried
sample sclected for purpose of tests and re-
cord the mass as the mass of the total test
sample uncorrected for hygroscopic moistuce.
Separale the lest sample by sicving with &
No 10 {200-mm) sieve. Grind that fraction
tetamed on the No. 10 sieve 10 & mortar with
8 rubber-covered pestle until the aggregations
of soil particles are broken up into the sepa-
tate grains. Then separate the ground soil inte
two [ractions by sieving with & No. 10 sieve.
42 Wash thet fraction retained after the
second sicving free of all fine material, dry,
and weigh. Record this mass as the mass of
coarse material Sieve the coarse matcnal
after being washed and dricd, on the No. 4
(475-mm) sieve and record the mass rerained
on the No. 4 sieve.
FIGURE
WX SITING INVESTIGATION
DEPARTMENT OF THE AIR fORCE - sauso | D-14
GRO NATIONAL, INC. |
———— )
9 NOV 1979
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d 1972) Amercan Netons! Standacd A17 1481972

th Designation: D 422 - 83 (Reapp

"Standard Method for

Aproved March 2 1972
Wy Amancan Navonai Sundarss Instiute

PARTICLE-SIZE ANALYSIS OF SOILS!

Tha Standard 1 mieed wadec the fived de:

on © 421, 1€ Bumber immedisiely foflowing the dewgaation adicetes e

yeat of original ldopuoa or, 1n the case of revison, 1€ yeat Of 128l revisios A RumDEr 10 pareaLhcses indicates the yeur of

Laxt reapproval

1. Scope

1.1 This method covers the quantitative
detersinanion of the distnbution of particle
sizes in sools. The dustnibution of particie sizes
larger than 75 um (retained on the No. 200
seve) i detecmened by sieving, while the dis.
tnibytien of particie sizes smaller than 75 um
13 determined by a sedimentation process.
using « hydrometer to secure the necessary
data (Notes | and 2).

NOTE | —Scpara:1on may be made on the No 4
(475mm), No 40 {425-xm), ur No 200 (75-.m)
wevt wnsicad of ihe No 10 For whatever siere
used. the size shail be indicated o0 the report

NuTE 2—Tao tapes of disperson devices are
provided (1) a R.gh-speed mechanical stireer, and
(21 air dispersion Eatenmive investiganions indicate
that aidispersion cevices produce a more postlive
dispersion of plastic sals below the 20-um size and
appreviably less degradation on abl sizes when used
with sandy sails Bevause of the definite advantages
favoong air dispees.on, its use 13 recommended The
results from (he twy types of devives difer 1n mag-
miude, depending cpon suil 1ype. leading 10 Marked
dilferenves in part.cie size distribution, especially
fur sizes (iner 1han X0 um

1. Apparatus

2.1 Bolances— A dalane sensitive to 001 g
for weighing the matenal passing a No 10
(200-mm} sicve, and 2 balance sensitive lo
01 percent of ihe mass of the sample (o be
woghed for weighing the matenisi retained on
4 N0 0 sieve

22 Strrag Appuratws—Eiher appacatus
A or B may be used

221 Apparatus A shail conant of 2 me-
chanically operated stirning device in which a
suitably mounted clectric motor turns o ver-
teal shaft at 2 speed of not less than 10,000
rpm without load The shalt shall be equipped
with a replaceable stzang paddle made of

metal, plastic, or hard rubber, as shown
Fig t The shaft shall be of such length that
the stirring paddle will operate nol less than
3 0. {190 mm) nor more than 1% in. (381
mm) abose the bottom of the dispersion cup.
A special dispersian cup conforming to either
of the designs shown in Fig. 2 shall be pro-
vided to hold the sample while it 1s beung dis-
persed.

2.2.2 Apparatus B shall consist of an air-jet
dispersion cup?’ (Note 3) confarming to the
general detaits shown v Fig. ) (Notes 4 and
3y

Note 3~The amount of air required by an arr-
et dispersion cup 3 of the order of 2 %/ min, sume
smail air compreasors ale not capable of supplying
sulficiem air to operdte a cup.

NUTE A—Anvther ar-lype dispersion device,
known as a dispersion tube, developed by Chu ang
Davidsun at lowa State College, has been shown to
1ve results cquivalent 1o those secured by the mr
ret dispersion cups. When il 13 used. sosking of the
sampic <an be donc in the sedimentation cytinder,
thus eliminating (he need fur teansfernng the slurry
When the air-dispersion 1ube 15 used, it shait be tu
ihdicated n the repart

NOTE $-—Waier may condense in aif hines when
not in use This water must be removed, either by
usINg 4 watee Leap an the 215 bine. 0f by Mow:ing the
water vut of the Line befure using 4ny of the au o0
dupersion purpuses

2.3 Myd er—An ASTM hyd .
graduated 10 read in erther specific gravity of
the suspension or grams per htre of suspen-
sion, and conforming 10 the requirements for

P This method 1t under (he futidntas of ASTHM Com.
mitsoe D-18 on Sud and Rauk for Engiteeeing Pucpuses

Corvent ediiion aucepsed Nov 21, 1983 Orgunaily s
tued 1913 Keglaes D 422

T Detacted work ng dramings [or (g cup 4tk 2earlable at
& nomunal won from Ine Ameonan Sonoety for Yur‘n! g
Muterals. 1916 Race S0, Philadelphia, P3 1910) OrJder
Adunct MO 12 40022000
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hydrometers 151H or 132H in ASTM Speaifi- cralized water, at the rate of 40 g of sodium
cation E 100, for ASTM Hydrometers.® Di- hexametaphosphate/litre of solution (Note 7y,
mensions of both hydrometers are the same, No1r 7—Sotuttons of this satt, f aadic, dowhy
the scale being the only item of difference. revert or hydrolsse back to the orthophosphate
2.4 Sedimentanon Cvlinder—A glass cyl- form with a resultant decrease in dispersive sotion
ind centially 18 i 157 i hei 'h Solutions should be prepared frequently (at icast
inder cssu}tull) 18 1n. ( : mm) N haight gace a month) or adjusted to pH of 8 or 9 by
and 2': in. (63.5 mm) in diameter, and means of sodium carbonate. Bottles containing so-
marked for a volume of 1000 ml. The inside lutions should have the date of preparation maraed
. hem.
diameter shall be such that the 1000-m! mark " lfm
i1s 36 + 2 cm from the bottom on the inside. 3.2 All water used shall be either distilled
2.5 Thermometer—A thermometer accu-  or demineralized water. The water for a hy-
rateto 1 F(0.5C). drometer test shall be brought to the tempera-
2.6 Sieves—A scries of sieves. of square-  ture that is expected to prevail during the
mesh woven-wire cloth, conforming to the  hydrometer test. For example. if the sedimen-
requirements of ASTM Specification E 11,  tation cyvlinder is to be placed in the water
for Wire-Cloth Sicves for Testing Purposes.®  bath, the distilled or demincralized water to
A full set of sieves includes the following  be used shall be brought to the temperature of
(Note 6): the controlled water bath: or, if the sedimen-
3-in. (75-mm) No. 10 (2 00-mm) tation cyvlinder is used in a room with con-
2-in. (50-mm) No. 20 (850-um) trolled temperature, the water for the test
1'2-in. (37.5-mm) No. 40 (425-um) shall be at the temperature of the room. The
tin (25 0-mm) No. 60 (250-ym) . .
Seuin, (19.0-mm) No. 140 (106-um ) basic temperature for the hyvdrometer test is
Fa-in. (9.4-mm) No. 200 (75-4m) 68 F (20 C). Small variations of temperature
No. 4 (34.75-mm) do not introduce differences that are of prac-
NOTE 6—A set of sieves giving uniform spacing  tical significance and do not prevent the use
of points for the graph. as required in Secuion 16, of corrections derived as prescribed.
may be used if desired. This set consists of the fol-
lowing sieves:
Aan. (75-mm) No. 16 ().18-mm) 4. Test Sample
I‘l;'}:n(:s 0'\:",:‘;) :0 :8 :(;ggum: 4.1 Prepare the test sample for mechanical
-y A= 0. 2 R - M . . . -
Samn. (9 Sermm) No. 100 (ISO‘-‘ym) analysis as outlined in ASTM Method D 421,
No 44 "Smm) No. 200 (75-gm) Dry Preparation of Soil Samples for Particle-
No & (2.36-mm) Size Analysis and Determination of Soil Con-
2.7 Water Bath or Constant-Temperature  Stants.* During the preparation procedure the
Room—A water bath or constant-tempera-  Sample is divided into two portions. One por-
ture room for maintaining the soil suspension  tion contains only particles retained on the
at a constant temperature during the hydrom.  No. 10 (2.00-mm) sieve while the other por-
cter analysis. A satisfactory water tank is an 10N contains only particles passing the No. 10
insulated tank that maintains the temperature  Sieve. The mass of air-dried soit sclected for
of the suspension at a convenient constant  purpose of tests, as prescribed in Mcethod D
temperature at or ncar 68 F (20 C). Such a 421, shall be sufficient to yield quantities for
device is illustrated in Fig. 4. In cases where ~ mechanical analysis as follows:
the work is performed in a room a' »n auto- 4.1.1 The size of the portion retained on
matically controlled constant tempeiature, the  the No. 10 sieve shall depend on the max-
water bath is not necessary. imum size of particle, according to the fol-
2.8 Beaker—A beaker of 250-ml capacity, towing schedule:
2.9 Timing Device—A watch or clock with Nominal Diameter of
a second hand. Largest Particles, Approumate Minimem
i (mm} Muss of Portion, ¢
3. Dispersing Agent T (9.9 00
P k g ) (o) 1000
31 A solution of sodium hexameta- o
phosphate  (sometimes c:lllcd :s()dluna meta- * Annual Book of ASTAM Standards, Part 41
phosphate) shall be used 10 distilled or denun- ¢ Annual Buok af ASTN Standards, Part 19
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Nominal Dameter of
Largest Particles. Approumate Minimum
. (mmj Muass of Portion. g

1 (5.4) 2000
12 (38 1) 3000
2 (50%) 4000
376y S000

4.1.2 The size of the portion passing the
No. 10 sieve shall be approximately 115 g for
sandy soils and approximately 65 g for silt
and clay soils.

4.2 Provision is made in Section 4 of
Method D 421 for the weighing of the air-dry
soil selected for purpose of tests. the separa-
tion of the soil on the No. 10 sieve by dry-
sieving und washing, and the weighing of the
washed and dried fraction retained on the No.
10 sieve. From these two masses the percent-
ages retained and passing the No. 10 sieve can
be calculated in accordance with 11.1.

Note 8—A check on the mass values and the
thoroughness of pulverization of the clods may be
secured by weighing the portion passing the No. 10
sieve and adding this value to the mass of the
wished and oven-dried portion retained on the No.
10 sieve.

SIEVE. ANALYSIS OF PORTION
RETAINED ON NO. 10 (2.00-mm) SIEVE

5. Procedure

5.1 Scparate the portion retained on the
No. 10 (2.00-mun) sieve into a series of frac-
tions psing the 3-in. (75-mm), 2-in. (30-mm),
v (37.5-mm), L-in. (25.0-mm),  *i-in.
(v D-mm), Ys-in. (9.5-mm). No. 4 (4.75-mm),
and No. 10 sieves, or as many as may be
needed depending on the sample, or upon
the specifications for the material under test

3.2 Conduct the sieving operation by
means of a lateral and vertical motion of the
sieve, accompanied by a jarring action 1n
order to keep the sample moving continuously
over the surface of the sieve. In no case turn
or manipulate fragments in the sample
through the sieve by hand. Continue sieving
until not more than | mass percent of the res-
idue on a sieve passes that sieve during | min
of steving. When mechanical sieving is used.
test the thoroughness of sieving by using the
hand method of sieving as described above.

3.3 Determine the mass of each fraction on
a4 halasce conforming to the requirements of
210 At the end of weighing, the sum of the
masses retained on all the sieves used should

equal closely the original mass of the quantity
sieved.

HYDROMETER AND SIEVE ANALYSIS
OF PORTION PASSING THE NO.
10 (2.00-mm) SIEVE

6. Determination of Compasite Correction for
Hydrometer Reading

6.1 Equations for percentages of soil re-
maining in suspension, as given in 3.3, are
based on the use of distilled or demineralized
water. A dispersing agent is used in the water,
however, and the specific gravity of the re-
sulting liquid is appreciably greater than that
of distilled or demineralized water.

6.1.1 Both soil hydrometers are calibrated
at 63 F (20 ©). and variations in temperature
from this standard temperature produce inac-
curacies in the actual hydrometer readings.
The amount of the inaccuracy increases as the
variation from the standard temperature in-
creases.

6.1.2 Hydrometers are graduated by the
manufacturer to be read at the bottom of the
meniscus formed by the liquid on the stem.
Since it is not possible to secure readings of
soil suspensions at the bottom of the menis-
cus, readings must be taken at the top and a
correction applied.

6.1.3 The net amount of the corrections for
the three items enumerated is designated as
the composite correction, and may be deter-
mined experimentally.

6.2 For convenience, a graph or table of
composite corrections for a series of |-deg
temperature differences for the range of ex-
pected test temperatures may be prepared and
used as needed. Measurement of the com-
posite corrections may be made at two tem-
peratures spanning the range of expected test
temperatures, and correctioas for the interme-
diate temperatures calculated assuming a
straight-line relationship between the two ob-
served values.

6.3 Prepare 1000 ml of liquid composed of
distilled or demineralized water and dis-
persing agent in the same proportion as will
prevail in the sedimentation (hydrometer)
test. Place the liquid in a sedimentation cyl-
irder and the cylinder in the constant-tem-
perature water bath, set for one of the two
temperatures 1o he used. When the tempera-
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ture of the liquid becomes constant, insert the
hadrometer, and, after o short interval o
permit the hydrometer to come to the temper-
ature of the liquid, read the hydrometer at the
top of the meniscus formed on the stem. For
hydrometer 151H the composite correction is
the difference between this reading and one:
for hydrometer 152H it is the difference be-
tween the reading and zero. Bring the liquid
and the hydrometer to the other temperature
to be used. and secure the composite correc-
tion as before.

7. Hygroscopic Moisture

7.1 When the sample is weighed for the
hydrometer test, weigh out an wuxiliary por-
tion of from 10 to 15 g in a small metal or
glass container, dry the sample to a constant
mas: in an oven at 230 + 9 F (110 + S Q).
and weigh again. Record the masses.

8. Dispersion of Soil Sample

8.1 When the soil is mostly of the clay and
silt sizes, weigh out a sample of air-dry soil of
approximately 50 g. When the soil is mostly
sand the sample should be approximately 100

8.2 Place the sumple in the 230-ml beaker
and cover with 125 ml of sodium hexameta-
phosphate solution (40 g/litre). Stir uatil the
soil is thoroughly wetted. Allow to soak for at
least 16 h.

8.3 At the end of the soaking period, dis-
perse the sample further, using cither stirring
apparatus A or B. If stirring apparatus A is
used, transfer the scil - water slurry from the
beaker into the special dispersion cup shown
in Fig. 2, washing any residue from the
beaker into the cup with distilled or deminer-
alized water (Note 9). Add distilled or demin-
eralized water, if necessary, so that the cup is
more than half full. Stir for a period of 1 min.

NOTE 9—A large size syninge is 4 convenient
device for handling the water in the washing apera-
tion. Other devices include the wash-water bottle
and a hose with nossle connected 10 a pressurized
distilled water tank. .

8.4 If stirring apparatus B (Fig. 3) is used.
remove the cover cap and connect the cup to
a compressed air supply by means of a rubber
hose. An air gage must be on the line between
the cup und the control valve. Open the con-
trol valve so that the gage indicates | psi (7

kPa) pressure (Note 10). Transfer the sol-
water slurry from the beaker to the mr-jet
dispersion cup by washing with distlled or
demineralized water. Add distilled or demin-
eralized water, if necessary, so that the total
volume in the cup is 250 ml, but no more.

Nott 10—The initial air pressure of 1 psiis re-
quired to prevent the soil - water mixture from en-
tering the air-jet chamber when the misture 1s
transferred to the dispersion cup

8.5 Place the cover cap on the cup and
open the air control valve until the guge pres-
sure is 20 psi (140 kPa). Disperse the soil
according to the following schedule:

Dicpersiun Period,

Plasticity Index min
Under § s
61020 10
Over 20 15

Soils containing large percentages of mica
need be dispersed for only | min. After the
dispersion period. reduce the gage pressure to
I psi preparatory to transfer of soil - water
slurry to the sedimentation cvlinder.

9. Hydrometer Test

9.1 Immediately after dispersion, transfer
the soil - water slurry to the glass sedimenta-
tion cylinder. and add distilled or demineral-
1zed water until the total volume is 1000 mi.

9.2 Using the palm of the hand over the
open end of the cylinder (or a rubber stopper
in the open cnd). turn the ovlinder upside
down and back for a period of | min to com-
plete the agitation of the slurry (Note 11}, At
the end of 1 min set the cylinder in a conven-
ient location and take hydrometer readings at
the following intervals of time (measured
from the beginning of sedimentation). or as
many as may be nceded. depending on the
sample or the specification for the matenial
under test: 2, 5, 15, 30, 60, 250, and 1440
min. If the controlled water bath is used. the
sedimentation cylinder should be placed in the
bath between the 2- and S-min readings.

Nott 11—The number of turns during this
minute should be approximately 60. counting the
turn upmde down and back as two turns. Any soil
remaining in the bottom of the cvlinder during the
first few turns should be lousened by vigorous
shaking of the cylinder while it is in the inverted
pﬂSlllOn.

9.3 When it is desired to take a hydrometer
reading, carcfully insert the hvdrometer about
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20 to 25 s before the reading is due to approx-
imately the depth it will have when the
reading is taken. As soon as the reading is
taken, carefully remove the hydrometer and
place it with a spinning motion in a graduate
of clean distilled or demineralized water,

NOTE 12—It is important to remove the hydrom-
eter immediately after each reading. Readings shall
be taken at the top of the meniscus formed by the
suspension dround the stem. since it is not possible
to secure readings at the bottom of the meniscus.

9.4 Atter cuch reading, take the tempera-
ture of the suspension by inserting the ther-
mometer into the suspension.

10. Sieve Analysis

10.1 After taking the final hydrometer
reading, transfer the suspension to a No. 200
(73-um) sieve and wash with tap water until
the wash water is clear. Transfer the material
on the No. 200 sieve to a suitable container,
dry in an oven at 230 £ 9 F (110 « 5 C) and
make a sieve analysis of the portion retained,
using as many sieves as desired, or required
for the material, or upon the specification of
the material under test.

CALCULATIONS AND REPORT

11. Sieve Analysis Values for the Portion
Coarser than the No. 10 (2.00-mm) Sieve

11,1 Calculate the percentage passing the
No. 10 sieve by dividing the mass passing the
No. 10 sieve by the mass of soil originully
split on the No. 10 sieve, and multiplying the
result by 100. To obtain the mass passing the
No. 10 sieve, subtract the mass retained on
the No. 10 sieve from the original mass.

11.2 To secure the total mass of soil
passing the No. 4 (4.75-mm) sieve, add to the
mass of the material passing the No. 10 sieve
the mass of the fraction passing the No. 4
sieve and retained on the No. 10 sieve. To
secure the total mass of soil passing the 's-in.
(9.3-mm) sieve, add to the total mass of soil
passing the No. 4 sieve, the mass of the frac-
tion passing the 's-in. sieve and retained on
the No. 4 sieve. For the remuining sieves,
continue the culculations in the sume manner.

it.3 To determine the total percentage
passing for cach sieve, divide the total mass
passing (see 11.2) by the total mass of sample
and multiply the result by 100,

12. Hygroscopic Moisture Correction Factor

12.1 The hygroscopic moisture correction
factor is the ratio between the mass of the
oven-dried sample and the air-dry mass before
drying. It is a number less than one, except
when there is no hygroscopic moisture,

13. Percentages of Seil in Suspension

13.1 Calculate the oven-dry mass of soil
used in the hydrometer analysis by multi-
plying the air-dry mass by the hygroscopic
moisture correction factor.

13.2 Calculate the mass of a total sample
represented by the mass of soil used in the
hydrometer test, by dividing the oven-dry
mass used by the percentage passing the No.
10 (2.00-mm) sieve, and multiplying the result
by 100. This value is the weight W in the
equation for percentage remaining in suspen-
sion.

13.3 The percentage of soil remaining in
suspension at the level at which the hydrom-
eter is measuring the density of the « “spension
may be calculiated as fotlows (Note 13):

For hydrometer 151 H:

P = [(100.000/ W) x GG - G (R - G))

Note 13—The bracketed portion of the equation
for hydrometer 1STH s constant for a series of
ceadings and may be caleutated first and then multi-
plied by the portion in the parenthesis.

For hydrometer 152H:
P = (Ra/W) x 100

where:

a = correction faction to be applied to the
reading of hydrometer 1S2H. (Values
shown on the scale are computed using
a specific gravity of 2.65. Correction
factors are given in Table 1),

P = percentage of soil remaining in suspen-
sion at the level at which the hydrom-
eter measures the density of the sus-
pension,

= hydrometer reading with composite
correction applied (Section 6),

W = oven-dry mass of soil in a total test
sample represented by mass of soil dis-
persed (see 13.2), g,

G = specific gravity of the soil particles,
and

G, = specific gravity of the liquid in which
sotl puarticles are suspended. Use nu-
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gravity of the soil particles. Values of K
for a range of temperatures and specific
gravities arc given in Table 3. The vatue
of K does not change for a series of
readings constituting a test. while values
of L and T do vary.

14.3 Values of D may be computed with suf-
ficient accuracy, using an ordinary 10-in. slide
rule.

NoTE 15—The value of L is divided by T using
the 4- and B-scales. the square root being indicated
on the D-scale. Without ascertaining the value of

the square root it may be muluphed by k. using
cither the C- or Cl-scale.

15. Sieve Anpalysis Values for Portion Finer
than No. 10 (2.00-mm ) Sieve

15.1 Calculation of percentages passing the
various sieves used in sieving the portion of
the sample from the hydrometer test involves
several steps. The first step is 1o calculate the
mass of the fraction that would have been
retained on the No. 10 sieve had it not been
removed. This mass is equal to the total per-
centage retained on the No. 10 sieve (100
minus total percentage passing) times the
mass of the total sample represented by the
mass of soil used (as calculated in 13.2), and
the result divided by 100.

15.2 Calculate next the total mass passing
the No. 200 sieve. Add together the fractional
masses retained on all the sieves. including the
No. 10 sieve. and subtract this sum from the
mass of the total sample (as calculated in
13.2).

15.3 Calculate next the total masses

‘passing cach of the other sieves, 1n a manner

similar to that givenn 11.2.

[5.4 Calculate last the total percentages
passing by dividing the total mass passing (as
calculated in 15.3) by the total mass of
sample (as calculated in 13.2), and multiply
the result by 100.

16. Graph

16.1 When the hydrometer analysis is per-
formed, a graph of the test results shall be
made, plotting the diamecters of the purticles
on a logarithmic scale as the abscissa and the
percentages smaller than the corresponding
diameters to an arithmetic scale as the ordi-
nate. When the hydrometer analysis is not
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' merical value of one in bhoth instances
n the equation. In the first instance
any possible variation produces no sig-
I nificant effect, and in the second in-
stance, the composite correction for R
is based on a value of one for G,.
l Diameter of Soil Particles
14.1 The diameter of a particle corres-
ponding to the percentage indicated by a
’ given hydrometer reading shall be calculated
o according to Stokes® law (Note 14), on the
basis that a particle of this diameter was at
the surface of the suspension at the beginning
of sedimentation and had settled to the level
at which the hydromeler is measuring the
density of the suspension. According to
Stokes® law:
D = V]30n/980(G - G,)) x L]T

where:

D = diameter of particle, mm,

n = cocfficient of viscosity of the suspend-
ing medium (in this case water) in
poises (varies with changes in tempera-
ture of the suspending medium),

L = distance from the surface of the sus-
pension to the level at which the density
of the suspension is being measuvred,
cm. (For a given hydrometer and sedi-
mentation cyvlinder, values vary accord-
ing to the hyvdrometer readings. This
distance is known as effective depth

' (Table 2),

T = interval of time from beginning of sedi-
mentation to the taking of the reading,
min,

' G = specific gravity of soil particles, and
j G, = specific gravity (relative density) of
suspending medium (value may be
- used as 1.000 for all practical purposes).
I NOTE 14—Since Stokes® law considers the terminal
velocity of a single sphere falling in an wnfinity of
liquid, the sizes calculated represent the diameter of
spheres that would fall at the same rate as the soil
particles.

14.2 For convenience in calculations the

above equation may be written as follows:

D= K~NIIT

where:

K - constant depending on the temperature
of the suspension and the specif ¢

T
’ 9 NOV 1979
. ~- —

"Pmmn MAATIONAL 1D3C.




~

S Spv e R

— e-EE .-

e,

FN-TR-29
made on a portion of the soil, the preparation (/) Gravel, passing 3-in. and re- ... percent
. e ional since value . tained on No. 4 sieve
of the graph is optional, since vulues may be on h
Ty . (2) Sand, passing No. 4 sicve and ... .. percent
secured directly from tabulated data. retained on No. 200 steve
(a) Coarse sand, passing No. 4
17. Report sieve and retamed on ... percent
. . No. 10 sieve
17.1 The report shall include the following: (b) Medium sand. passing No.
17.1.1 Maximum size of particles, 10 sieve and retained on ... ... percent
17.1.2 Percentage passing (or retained on No. 40 sieve
. centage passing ( ) (¢) Fine sand, passing No. 40
cach sieve, which may be tabulated or pre- sieve and retained on ... ... percent
sented by plotting on a graph (Note 16), No. 200 sieve
17.1.3 Description of sand and gravel parti-  (3) Siltsize, 0074 10 0005 mm ... percent
les: (4) Clay size, smaller than 0.005
cles. . mm percent
17.1.3.1 Shape—rounded or angular, Colloids, smailer than 0.001
17.1.3.2 Hardness—hard and durable, soft, mm percent
or weathered Jfld frmb_le. _ ] 174 For materials for which compliance
17.1.4 Specific gravity. if unusually high ot with definite specifications is not indicated and
low, o o , when the soil contains material retained on the
1715 Any ditficulty in dispersing the frac- No. 4 sieve sufficient to require a sieve analysis
tioa passing the No. 10 (2.00-mm) sicve, mdi- on that portion, the results may be reported as
cating any change in type and amount of dis-  follows (Note 17):
persing agent, and SitvE ANALYSIS
17.1.6 The dispersion device used and the . (EVE ANALYSE
length of the disperston period. Sieve Stze Percentage
£ Passing
Nore 16—This tabulation of graph represents 3.,
the gradation of the sample tested. If particles 3 R
farger thun those contwined in the sample were o0
removed betore testing, the report shall so swte 4507 T
giving the amount and maximum size. Vean.
1,
y B iale tested for o S S e
»l7__ f.«‘)r- nulcru.li lqlud for u.omph.}nu. No. 4 (.75 mim}
with definite specifications, the fractions  No 1002 00-may ...
called for in such specifications shall be re- No. fﬂ(-t_:,:-“m) ........
purted. The fractions smaller than the No. 10 No 200478um)
sieve shall be read from the graph. HYDROMETER ANATYSIS
17.2 For materials for which compliange
with definite specifications is not ndicated 0 &72 mm
ur)d whgnlthc sotl 1y cor;\pnﬁ\cld ulTo(:( 7cxinin:l))' 80(;| r':lr:
articles passing the  No, T3-mm
of particles pasing the 2o, 4 , NoTE 17—No. 8 (2.36-mm) and No. 50 (300-
sieve, the results read from the graph may be am) sieves may be substituted for No. 10 and No.
reported as follows: 40 sieves.
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TABLE 1 Values of Correction Factor, a, for Different Table 2 Continued
Specific Grasities of Soi icles®
pecific Gravities of Soil Particles Hydrometer 1STH Hudrometer 152H
Spectfic Gravaty Correcuion Facor® - - e
T T e s s e D — Actual Actual X
295 0.94 Actal i Hye Effec: gy, Bliec
290 0.95 Hydrom- Depth,  drom- bve  geam.  live
2.85 0.96 eter L em cter  Pepth. er Depth,
280 0.97 Reading ) Read. L.cm Regd. L.cm
2,78 0.98 g ing
2.70 0.99 R
2 65 :x 1031 g1
355 102 1.032 78
250 103 1.033 76
2'45 l>05 1.034 73
- : 1.035 70
¢ For use in equation for percentage of soil remaining in :8;2 6'2
suspension when using Hydrometer 152H. 12038 :2
TABLE 2 Values of Effective Depth Based on Hy- ° Values of effective depth are calculated from the equa-
drometer and Sedimentstion Chlinder of Specified Sizes® tion*
Hydrometer 151H Hydromeler 152H Lo=L,+ 2L, (Vo))
Actual Actual where
Actual  peo Hy-  Effecc  Hy-  Effec- L - effective depth. em.
Hydrom- DCCI;IVC drom- tive drom- e L, - distance along the stem of the hadrometer from
cter LCF:-‘m‘ eter Depth,  eter Depth. the top of the bulb to the mark for 4 hvdrometer
Reading . Read- L.em  Read- [ 'em reading, cm,
e __ ne L, - overall leagth of the hydrometer bulb, ¢m,
1.000 16.3 0 16.3 3 1.2 Va - volume of hydrometer bulb, cm?. and
1.00) 16.0 1 16.1 32 1.1 A = cross-sectronal arcd of sedimentation vyhinder, «m?
1.002 158 2 16.0 33 10.9 Values used 1n calculaung the vaives in Table I are as fol.
1.003 X 3 158 kY 10.7 ) Tows
1004 15.2 4 15.6 15 10.6 For both hvdrometers. I151H and 152H
1 005 15.0 s 15.5 L, 140cm
Vu = 67.0cm?®
1.006 13.7 6 153 36 10.4 A = 178 ¢m?
1.007 14.4 7 18.2 37 10.2 For hydrometer 151H
1.008 14.2 ] 150 18 10t L, = 105 cm for a reading of 1 000
i 009 139 9 148 19 9.9 = 23cmfor a reading of 1.031
1.010 137 10 14.7 40 9.7 For hvdrometer 152H:
Ly - 10 Semfor areading ot O litre
1.011 13.4 11 14.5 41 96 2 3em for g reading of 30 ¢ litre
1.012 1 12 14.3 42 94
1013 129 13 142 43 9.2
1.034 12 14 14.0 44 91
1.018 12 15 138 45 89
1.016 121 16 13.7 46 88
1017 1.8 17 13.% 47 86
1018 1.8 18 133 48 84
1.0t9 1.3 19 132 49 83
1020 .o 20 120 <0 8.1
1021 10.7 21 129 b3 19
1022 108 22 127 s2 78
102} 102 n 12s 53 716
1024 100 24 124 54 74
1028 97 25 12.2 hh] 73
1.026 94 26 120 56 IR
1027 92 27 1o 57 1.0
1028 L %8 17 ht 6K
1.0 R0 29 1.5 9 66
1030 R4 0 1.4 60 68
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TABLE 3 Values of & for Use in Equation for Computing Dismeter of Particle in Hydrometer Analysis
Temperature. o Speaific Gravity of Soil Puﬂc\:s L )
dee € REH 250 [ 255 260 265 270 275 280 183
16 001510 0.01505 001481 01457 0.01435 00414 Q01394 001374 00135
17 00IsI 0.01486 001462 0.01439 001417 0.01396 001376 0.013%6 001318
13 0.01492 Q01467 q01443 Q.0142¢ 0.01399 001378 001359 001339 00132¢
19 001474 0.01439 0.01425 0.01403 0.01382 0.01361 001342 001323 Q01105
20 001456 0.0143% 0.01408 0.013%6 0.01365 0.01344 001325 001307 001289
21 0.0143% 2.00413 0.01391 0.01369 0.01348 001328 0.01309 0.01291 001273
2 0.01421 0.01397 0.01374 001353 0.01332 001312 001294 0.01276 0.01238
23 0.01304 0.01381 0.013538 001337 0.01317 0.01297 0.01279 001261 001243
24 0.01383 0.01363 0.01342 001321 0.01301 001282 0.01264 0.01246 001229
25 001272 0.01249 0.01327 001306 0.01286 0.01267 0.01249 0.01232 001215
26 001357 0.01334 0.01312 0.01291 0.01272 0.01253 0.01235 001218 0.01201
7 001342 0.01319 0.01297 0.01277 0.01258 0.01239 0.0122]1 0.01204 001183
23 001327 0.01304 o, 0.01233 0.01264 0.01244 0.01225 0.01208 0.0t191 0.01178
9 0.01312 0.01290 0.01269 0.01249 0.01230 001212 0.01195 0.01178 001162
n 0.01298 0.0127¢6 0012356 0.01236 0.01217 0.01199 0.01182 0.0t165 [XURE
" [No.ia 8W Go = 0.049"
3/a
Chrome Plated
Punch "
0.203" *o.00!
(a) (b)
Metric Equivalents
in 0 004y 0203 ‘e Y
mm om 124 S8 127 190
FIG. | Detail of Stirring Paddles.
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El,0 METHODOLOGY

The volumetric heat capacity of a soil-water system can be cal-
culated if the specific heat and amounts of each soil and water
constituent are known. Since the specific heat of water is
known, the procedure to determine the specific heat of soil is

presented in this appendix.

The methodology utilized to determine the specific heat of soil
constituents 1s similar to that presented by Taylor and Jackson
(1965). Calculations required to compute volumetric heat capac-
ity of the soil using specific heats of soil and water constitu-

ents arc also included in this appendix.

E2.,0 TEST APPARATUS

The test apparatus used in determination of specific heat of
soils consisted of the following:

1. Calorimeter - A 1l-pint thermos jar with an insulated cabp
placed in an insulated box;

2. Accessory Vessel -~ A l-pint thermos Jjar with an insulated
cap placed in an insulated box;

3. Thermoneters sensitive to 0.02°C;
4., Glass Stirrer;
5. Balance - a balance sensitive to 0.0lg; and

6. Stop Watch,

E3.0 CALIBRATION

The heat capacity of the calorimeter over the test temperature
range was determined before performing a set of specific heat

tests on soil samples. The procedure was as follows.

“fl-no NATIGNAL. ING.
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1.

A known amount of water was added initially to the calori-
meter and its temperature was measured.

An additional known amount of water at a higher known tem-
perature from the accessory vessel was added to the calori-
meter,

An interval of 5 to 10 minutes of time was allowed for ther-
mal equilibrium to be established inside the calorimeter.
The final temperature of the water in the calorimeter was
then measured.

The heat capacity of the calorimeter was calculated using
the following formula:

Ce = Myag Cy %%? - Myc cw (Taylor and Jackson, 1965) .... [1l]

where

Ce = heat capacity of calorimeter, cal/°C;
Myc = mass of water initially in calorimeter, g;
Myua = mass of water added to calorimeter, q;
LT4 = temperature drop for water added, ©C;

ATs = temperature rise of water initially in the
calorimeter, ©C; and

cy = specific heat of water at mean temperature
of determination cal/g-°C

E4.0 TEST PROCEDURE

Following is the test procedure used in determining the specific

heat of soil particles:

1,

A known weight of dry soil (representative sample) wags added
to calorineter.
A known weight of water was added to the calorimeter to form

a dilute suspension.

‘f.l-lll MATIONAL, ING.

e e ——— i g

- —

e AT S

~..



——

TR PRy .

-

ee SN WIS

r

FN-TR-29

3. The suspension was stirred until thermal equilibrium was
established. The initial temperature of the suspension was
measured to the nearest 0.02°C,

4. From the accessory vessel, a known weight of water (which is
at a higher temperature than the soil-water suspension in
the calorimeter) was added to the calorimeter so that the
final temperature of the soil-water suspension was between
1° to 5°C higher than the initial temperature of the suspen-
sion in the calorimeter.

5. The final temperature of the soil-water suspension was
measured to the nearest 0.02°C after thermal equilibrium

was achieved.

Photographs of the test procedure and test setup are presented

in Plate E-1l.

E5.0 CALCULATIONS

The heat capacity of the calorimeter was cormputed as explained
in Section E3.0. A typical test data sheet is shown in Fig-
ure E-1, The averagc specific heat of the soil sample was
determined using the following fornula:

Cg = Cw (Mya/Mg) (ATa/ATe) = (Mye Cw + Ce)/Mg  (Taylor
and Jackson, 1965) teeeecreccccocoocaccocsccssconcsscncsea [2]

where

1t}

Cg average specific heat of the soil sample, cal/g-°cC;

Mg = mass of soil, g; and

other symbols are as explained in Section E3.0.
A typical test data sheet showing the results of a specific heat

test is presented in Fiqure E-2.

-f.lnlul NATIONAL, ING.
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PHOTO 1 ~ TEST APPARATUS

PHOTO 3 -~ ADDING WATER TO FORM
A DILUTE SOJL-NATER SUSPENSION

PHOTO 2 - ADDING A KNOWN AMOUNT
OF SOIL TG THE CALORIMETER

PHOTO 4 -~ ADDING WATER AT A HIGHER

TEMPERATURE TO THE SOIL-WATER
SUSPENSION IN THE CALORIMETER

SPECIFIC HEAT TEST SETUP

PLATE E-1
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DETERMINATION OF HEAT CAPACITY
OF SPECIFIC HEAT APPARATUS
feeiiowe,_Trial _# 7 Wetti o _ R sy _9-se->9
FRCIECT hivelh _ 78200 ~ P CHECHID EY CATE
FLASE BLwBIR * /
Comtyy oy 8T, /a1, - ¥, ¢
__GHSTO) | c_ - HERT CRPACITY OF RPRRRETUS (Cai/eD)
__A#B0 W< WASS OF RRTER IMITIRLLY (pn)
99983 ¢, - SPECIFIC KEAT OF RATCR AT THE REAK T(HPERATURE
OF THE GELERLINATIGR (Cal/pn of)
LS hOb v, - ¥ESS OF WAILR 200LD 10 CALGKIMETER (g%)
L ZESY 1, (<) - TEMPLRRIUFE OF WATER 1K FLESK INITIALLY
MOl 1L (D) - FiviLFAILAE OF MTER AGGED
LS B (<0 - MWTIRLIGRE OF SISULTIAD SOLUTICK
&4l _aner, o100
VRN P B S )
(K142 TI ORI 4 (SHOL 1 IMMI ) ( ¢4, 12t
- 8073 + 14714
T, 4¢.01 _(Eat/et)
T = GId. 4o gqm
T+ e = 75 %0
= %07 3¢
LEss .19
TYPICAL COMPUTATIONS
HEAT CAPACITY OF APPARATUS
MX SITING INVESTIGATION F1suRt
DEPARTIMENT OF THE AtR FORCE - SAWSO E-l
'—; GIROD NATIONAL, IS,
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SPECIFIC HEAT DETERMINATION OF SOIL

parg _2-/6-29

l PROJECT NAuE A F - THERMAL TESTED aY Loz

PROIECT NuwgER 78— 280-€2 coupuTED BY P2 oarg _2-76-29
BORING NMSER __ RR-8-6 D-/4 CHECRED BY DATE
Z .
DEPIN (FEET) ES7—bb6. ¢ FLASK NUNBER
SOIL DESCRIPTION sm
Coo o ®8°07 (Tal =0y HEAT CAPACITY GF APPARATUS
Cg=cgly, M) (AT /AT - (Mgc, + C) Ny
WHERE
. I9ME3 o SPECIFIC MEAT OF WATER (Cal o o0
—23.43 1, (oC) - TEMPERATURE OF WATER [N FLASK INITIALLY
—30:6% 1, (<C) - TEMPERATURE OF WATER ADDED
I ) _249% 7 (:0) - TEMPERATURE OF RESULTING SOLUTION
!
; 5 .
2T ATl =T (D)
— 149 arsr .t 0D
—S1X¢  w, - WSS OF WATER AODED TO CALORINETER (gm)
§o.00 M, - NASS OF SOIL (gm)
l —/BZ5T - uaSs OF WATER INITIALLY IN CALORIMETER (4m)
¢, :99883 , S)2u ;_§eo0, (_S7L/ /49 -
l 3.930- 3747 (142.52 59908 , ¢$°0/ ), £0.00
6, — 183 (tain O
]
T+ p Arce = t03.04 '
7;/'734/’&"/7«; = %54-)—‘ /
;
L0317 =19

TYPICAL COMPUTATIONS
SPECIFIC HEAT DETERMINATION OF SOIL

’ MX SITING INVESTIGATICN FrouRt

- DEPARTNENT OF THE AIR FORCE - SAMSO E-2
. ’_'L RO LAATIOORIAL, JNT,
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The volumetric heat capacity of the in situ soil was calculated
using the following relationship:
Cy = vl(cg + W) (Jumikis, 1966) ceveesecescesccsnssscsnesose [3]
where
Cy = volumetric heat capacity, cal/cm3-0C;
Yy = dry unit weight of soil, g/cm3;
cg = specific heat of soil constituent, cal/g-°C; and

w = noisture content of soil sample.
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